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FOREWORD 
Prepared by the 
NEA Committee on Education of the Handicapped 



Public Law 94-142, The Education for All Handicapped Children Act, the major 
federal education legislation for providing a free appropriate education for all handi- 
capped children, must be in compliance with Section 504 of the Rehabilitation Act of 
1973. Part D of Section 504 states, in part: 

The quality of the educational services provided to handicapped students must be 
equal to that of the services provided to nonhandicapped students, thus, handi- 
cappeJ students teachers must be trained in the instruction of persons wjth the 
har Jicap in question and appropriate materials and equipment must be available. 

This federal regulation is supported by NEA policy. Point (e) of NEA Resolution 79-32, 
Education for All Handicapped Children, reads: 

The appropriateness of educational methods, materials, and supportive services 
must be determini|d in cooperation with classroom teachers 

In the context of federal educatipn policy and NEA pol^y, members of.the NEA 
' Committee on Education of the HardicJapped have reviewed Teaching Handicapped 
Students Uathemqfics. Members of the Committed are teachers of English, social studies, 
mathematics, special education, and science, wjyi teach both general and handicapped 
students in elementary and high school 

T he Committee cannot emphasize too strongly the importance of teachers of regular 
and special education working together. The Committee would also like to urge both 
groups of educators to use these publications in teaching content areas to handicapped 
students. Members of the Committee were particularly pleased that teachers wrote these 
materials, in an effort to 'successfully teach the handicapped in the least restrictive 
environment. Because of their firsthand knowledge of proper teaching strategics, teachers 
are the best source of information to aid their colleagues. 

The NEA supports P.L. 94-142 because the Association is committed to education 
processes which allow ill students to bepome constructive, functioning members of their 
communities. To this end, when handicapped students are appropriately placed in 
classrooms with nonhandicapped students, teachers need instructional strategies which 
provide Jot individual learning differences. This is rot new. However, most regular 
education teachers have not been trained, as mandated by law, in p^-service or in-service 
experiences to work with students with handicapping conditions. Teachers are eager to 
carry out the mandate of the law, but they may shy away from or even object to teaching 
these students because of this lack of training. 

The so-called "mainstreamed" classroom presents new challenges to regular class- 
room teachers because of the added responsibility of teaching students with handicapping 
conditions. It is particularly important, therefore, to understand the student with a 
handicapping condirion as a whole person in order to emphasize this commonality among 
ail students. 
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EDITOR'S INTRODUCTION 



As more handicapped children are being moved into 
regular mathematics classrooms, their need increases lor 
mathematical materials The task of developing approp- 
riate materials seems enormous and mav discourage some 
teachers from promptly accepting handicapped students 
into their classrooms and math laboratories The pnmarv 
purpose of this book is to give some .suggestions and 
encouragement to teachers committed to helping the han- 
dicapped pupil 

In this booMie will simpl) "touch upon'\onieoi the 
instructional techniques lor basic skills and proMcm- 



soi\ in^ and the mathe matical t ools I or independent liv mg 
that teachers throughout the country have found helpful 
You will hnd manv help! ui points, but vou the imagina- 
tive teacher must decide what will work best for your own 
classroom As vou work with handicapped children in 
v our school, vou will begin to see that as members of sour 
class thev have manv more things in com. .ion than differ- 
ences Stressing the sameness of the individual sets the 
Mage fur the handicapped child becoming a bona fide 
member of the mathematics class 
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The Editor ± 

Ellen Mary Brockmann is a fourth grade" teacher at the Washington Park TChi#>L 
fotowa. New Jersey Her selections lor this book represent materials which she feels are 
especially pertinent and practical for mathematics classroom teachers 



1. MODALITIES: ONE TECHNIQUE TO 
MAINSTREAM IN MATHEMATICS 
INSTRUCTION 

by Geraldine Rossi 

4 

Geraldine Rossi points out that adapting instructional stvle to the modalitx 
preference of the student facilitates mathematics lea-ning The author discusses 
auditory, visual, and ta< tile kinesthetic modalities She presents many instructional 
ideas to assist the teacher in meeting the math modality needs of the handicapped 
student The author is an Associate Professor of Education at Salishurx State 
College, Maryland 



With the advent of PL 94-142. elemental school 
teachers will need to acquire new skills to mainstream 
children with speciaLnccds into their classrooms One 
diagnostic skill needed relates to mformavion processing 
and learning style It is essential for children with special 
needs to process mathematics information efficiently A 
teacher should be able to use certain formal assessment 
tevrmiqucs or observe in informal wav the behaviors 
which Indicate how each child processes stimuli wnile 
learning mathematics 

One phase of this processing involves how children 
prefer to receive stimuli and give back information For 
example, some children appear to need a picture or dia- 
gram (visual stimuli) to understand a concept, when oth- 
ers can understand the same concept by listening to an 
audiotape describing that concept (auditory stimuli). 
Some children prefer to learn the multiplication tables 
using, flash cards (visual stimuli), ome prefer singing 4 
along with a record on multiplication tables (auditory 
stimuli), and some want to form the-multiplication (acts 
using blocks or Cuisenaire rods (tactile-kinesthetic stim- 
uli). When instruction is organised and presented accord- 
ing to preferences children may attend to relevant stimuli 
or notice important cues in a mathematics lesson. In this 
manner, adapting instruction to fit jjeeds will facilitate 
learning 

"» Children receive stimuli or input through their fivf 
sensor^ channels or modalities and from these same five 
;modalities can give back information or output. The five 
sensory modalities are visual, auditory, tactile-kinesthetic. 
olfactory (smell), and gustatory (taste). In discussing 
rtfodalities, preferred "aTTfl weaker modalities are usually 
mentioned. The input channel through which a person 
r*p3tly processes stimuli is referred to as the preferred 
modality The input chanmW through which a person less 



readilv processes stimuli is referred to as the weaker 
modality A child's preferred modahtv ol inpu' is not 
neccssarilv related t<> the strongest acuitv channel For 
example, a child with a hearing loss mav find the auditory 
modahtv is the preferred modahtv for processing infor- 
mation It is not alwavs rxadilv apparent to a teacher 
which modaht> is a child's preferred one at the outset 

A child's learning stvle can be described in terms of 
the preferred modahtv as suggested bv the Maryland 
State Department of Fducation. Division of Instructional 
lelcvision in their program. "Teaching Children with 
Special Needs " Martha H Hopkins ( 197S) also stressed 
the need Jo consider a child's learning stvfe in terms of 
pref errcd"modahtv To give a complete and accurate diag- 
nosis of a child's learning stvte, she maintains a teacher 
must be able to determine a child's preferred modality. As 
Hopkins relates, there \< no formal means to diagnose 
modalities' strengths and weaknesses at this time Shr 
has, however, developed a checklist form 

A research study. Daiyo Sawada and R I Jarman 
(1978), in the field of mathematics education suggests a 
relationship be'twecn modality matching and mathemat- 
ics achievement. Sawada and Jarman conducted a re- 
search study with male fourth graders on information 
matchingconccrning auditory and v isual sensory modali- 
ties They analyzed the relationship of students* mathe- 
matics achievement. They found that for children with 
low intelligence, as measured by the Lorge^Thorndikc 
Intelligence Test. auditory r auditory matching ability was 
a good predictor of their mathematics achievement. In 
other words, when children of low IQ (71-90) were pre- 
- nted a stimuli pattern of 100 cycle tones and had to 
select a comparison pattern of tones, they did as well on 
that task as they did on a mathematics achievement test 
produced by the Edmonton public school svstcm When a 



child of low IQ scored low on this achievement test, the 
child did not do well on the auditorv-auditorv matching 
task I he\ also tound that the mathematics achievement 
of high 1Q (1 1 1-130) children seemed to be umtormK 
dependent on all lour modahtx matching abilities, input 
auditors -output auditors . auditors -visual. \ isual-auditorv . 
and visual-v .sual I his uniform dependence seemed to all 
but vanish with children of medium IQ(9!-1 10) I husthe 
relationships appear to change unchanging IQ levels 
a finding that suggests modalitv matching is a good candi- 
date for use m making decisions concerning individualiz- 
ing mathematics 

Lverv child would benefit from instruction stressing 
a vartetv of modalities The modalities that a classroom 
t cache i would be most concerned about would be audi- 
torv. visual, and tactile-kinesthetit fables I. 2. and 3 
should help the teacher become more acquainted with the 
diversitv of possible assessment techniques and instruc- 
tional strategies Their format and some of their material 
have been adapted from a model developed bv the Marv- 
land State Department of Education. Division of Instruc- 
tional Television 
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T\BI1 J 
TH* Al DITOR* MODAim 



POSSIBLE BFHAMORS 
Pupil who Bb strong du#itont) ^ 

• Show the Following Show the Following 

Strengths Weakresses 



POsSIBU 1KIIMQI *S 



I he teacher mav utilize these 



Folk"*s ora| instructions 
verv easilv 4 

Appears brighter than 
tests show pupil to be 4 

Performs wet! verba IK 4 

C an oralis repeat a 
sequence ot numbers or 
a sentence * 



1 oses place in v isual 
activities 4 

Ordinal numbers.- Where 
is start position" 

* Writes h lor 1 3 lor 8 

2 tor 5 or 6 for 9 ' 

Mav not be able* to 
learn sets or groupings 
(closure or ligure- 
ground) 1 

Makes visual discrimination 
errors " 



Formal Assessment 
Technique 

Present statement verba IK 
ask nupil to repeat 4 

lap aiiditorv pattern be- 
\ond pupilN point ot 
\ ision Ask pupil to 
repeat pattern 4 

Provide pupil with s r e,eral 
words in a rhv mmA t.imilv 
Ask pupil to rep^it 
pattern 4 



Informal Avsessrnent 
Technique 

Observe pupil reading with 
the use ot tingei or ptnol 
as a marke r 4 

Observe whether pupil whis- 
pers or bareiv prodm • s 
sounds to correspond n> 
pupils Hading task 4 

Observe pupil who has dil- 
tieulf. following puielv 
visual directions 4 



Provide pupil with several Observe during "travel" 
words aia i hvming tannlv use an otal version ' 
Ask pupil to add more 4 



Has difficult) with Present pupil with sound 

written work, pooi motor produced out ot pupils held 



skill 

Mav not be able to uis- 
erimmate differences or 
similarities in si/e and 
shape ' 

Alav have difficulty in 
relating si/e ot an object 
to the appropriate con- 
tainer 1 

C annot visuallv place 
number in a sequent e as 
instructed s 



)t vision Ask pupil if thev 
are the same or different 4 
(such as seven eleven nine 
Pi net v )' 



Instructional 
technique 

Provide audio tapes of storv prob- 
lems \ciballv explain arithmetic 
pnw'sses as well as dennmstrtUe 
[ st oral stoiv problems s 

\ se mental anttimetie strategies * 

{ uli/t work sheets with large 
unhampered a teas * 

I se lined wide spaced paper 4 

\!low t<»r verbal ra'her than 
vv titter responses 4 

I ape record important parts nl 
the lesson tor review I se some 
ur i! testing v 

[ se visual discrimination 
activities 1 

1 se hie to make number sen- 
tences and oralis read 1 

□ □ rji □ □ 

{ se tangrams ahd geoboard in vis- 
ual discrimination activities 5 

\ se bu/zer board stick la elap out 
opi rations * 

2 ♦ * z 5 

C claps) (Uhpsj (5 claps) 

\ se- song or poems to aid retention, 
stress rhvthmu co jntmg 4 



1 Davidson \ dms, !ne 

- Gibson <!97t> 

x Mann and Suite ( 1 975) 

4 Marvland State Department oflducation (I9?"») 
< Salisburv Stale College Students and Rossi ( W7K) 
* Simpson-Ohiil and Pulsfoird (I979) 
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TABLE 2 
THE VLSI A! MODALITY 



POSSIBLE BEHAVIORS 

Pupil who MAY BF strong visuallv will 



POSSIBLE TECHNIQUES 



The teacher ma\ utilize these 



J 



Show the Following 
Strengths 



Show the Following 
Weaknesses 



Formal Assessment 
Technique 



informal Assessment 
Technique 



Instruct ionil 
Technique 



>kims reading material 4 

Reads well trom 
picture clues 4 

Follows \isual diagrams 
and other \isuai in- 
stiuclions well 4 

Scores well on group 
tests 4 

Performs nonverbal 
tasks well 4 

Does well with ft„sh 
cards * 

l itdcr stands blackboard 
explanations * 



Has dsfficultv with 
oral directions 4 

Asks "What are we 
supposed ;o do** immed- 
iately after oral instruc- 
tions are given 4 

Appears contused with 
great deal of auditor) 
stifnuh 4 

Has difficult) discrim- 
inating between words 
with similar sounds 4 



Give lists of words which 
sound alike Ask pupil to 
indicate if thev are the 
same or diflerert 4 

Ask pupil to foiiow specific 
instructions Begin with 
one direction and continue 
with multiple instructions 4 

Show pupil MsualK similar 
pictures Ask the pupil to in- 
dicate whether thev are the 
same or different, 4 } i 
or 6. 9 ' 



Has difficult) in rel/in- Sru w < -^u pit a usual 

mg an auditors sequence pattern, i t j block design 

of number* (rnemorv se- or pegboard design Ask 

quencc 1 pupil to dupltuitc 4 

Has dilficultv with stor % 
' problems that require 
mental arithmetic rapid 
oral drills 1 



Observe pupil in tasks 
requiring sound discrim- 
ination, / e . seven, 
eleven s 

Observe to determme if 
the pupil performs better 
when the pupil can seethe 
stimulus 4 

Observe pupil's e\e 
movement during lesson 1 

Observe pupils write and 
sav number sentences * 



Force to focus on missing num- 
bers or operations ! 

3 4=7 

Trace new matcna> 1 

Show examples of arithmetic 
functions 4 

Flowchart algorithms s 

Allow a pupil with strong auditory 
skills to act as another child's 
partner 1 

Allow for written rathe <nan 
verbal responses I se overhead 
projector and tilms * 

I se multiple choice questions on 
a test w 

Illustrate basic concepts with 
slides using pupils from class 3 

In solving prohlems allow them to 
draw pictures * 

Keep oral math *o a minimum, avoid 
oral "math bees 

Stress pictures and diagrams when 
cxplaming^oncrpls, operations and 
generalizations ' 



Davidson Films. Inc 

Gibson (1977) 

Mann and Suiter (19/5) 

Marvland State Department of Education (1973) 
Sahsburv State College Students and Rossi (197K) 
Simpson-Cahill and Pulsford (1979) 
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TABLE 3 

THE TACTILE KINESTHETIC MODALITY 



POSSIBLE BEHAV'ORS 

Pupil who MAY BE strong tactilc-kincst hctic^Uy will 

Show the Following 
Strengths 



POSSIBLE TEC HNIQl ES 



The teacher ma\ utilize these 



Show the Following 
Weaknesses 



Formal Assessment 
Technique 



Exhibits good fine and 
gross motor balance 4 

Exhibits good rhvthmic 
movements 4 

Demonstiates neat hand- 
writing skills 4 

Manipulates puzzles and 
other material* well 4 

Identifies and matches 
objects easilv 4 

Counts well with 
finger* s 



Depends on the ' guiding" 
modality or preferred 
modahtv since tactile 
kinesthetic is usual!) 
a secondary modahtv 4 

Weaknesses ma\ be in 
either the visual or 
auditorv mode 4 



Ask pupil to walk balance 
beam or along a painted 
line 4 

Set up obstacle course 
involving gross motor 
manipulation 4 

Have pupil cut along 
straight, angles and 
curved lines 4 

Ask child to i olor tine 
areas 4 



Informal Assessment 
Technique 



Ohserve pupil in maneuver- 
ing in classroom spate 4 

Ohserve pupil's spacing 

of written work on a paper 4 

Ohserve pupil's selection 
ot attuitics dun-- f, ee 
pla\ , le, does ,i select 
puzzles or hlotks a> op- 
posed to records or 
picture hooks 4 

Observe pupil using objetts 
to solve problems * 



Instructional 
Technique 



Utili/e manipulative ohjccts in 
pertorrmng the arithmetic func- 
tion, provide huttons. packa.gr> 
ot sticks felt numbers, etc 4 

Have^upil wi itc the exercise in 
large movements. » e in air. on 
thalkhoard. on newsprint, 
utilize manipulative numbers to 
w rite a problem *■ 

( all pupil's attention to the teel 
oi the numhers ' 

Slft-vs sand paper number . rope 
numhers cuisenaire rods, 
geohoards, most mzthematits 
manipulative aids * 



' Davidson f ilms, Inc 
2 Gihson 0977) 

* Mann and Suiter 09 7 5> 

4 Marvland State Department ot Education (1971) 
s Salisbury State College Students and Rossi ( I97K) 

* Simpson-Cahill and Hulsford 0^79) 
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2. COMPUTATION ERRORS: ARE WE TREATING A 
SYMPTOM AND NOT THE CAUSE? 

by June R, and Leland F. Webb 

The Webbs advocate direct classroom mathematu « instruction so that handi- 
l apped students can mi rease their confident e as independent learners The \\ ebbs 
also xliscuss the general computation problems a teachei might find in a regular 
mathematics classroom Their thesis is that the classroom teacher must become a 
student c)f how the handicapped learner perceives the mathematical rules, before 
offering a remediation plan The authors are both at California State College, 
Bakersfield June Webb is Associate Professor of Special Education, and I eland 
W'ehb /•» Piofessor of Mathematics and Mathematics Education 



THE HISTORICAL INSTRUCTIONAL 
CONTROVERSY IN SPECIAL 
EDUCATION 

Since the late sixties there has been a growing con- 
troversy in Special Education* between (I) basic process 
instruction and (2) diKct academic skill instruction in the 
skill areas oi mathematics and reading (I erner. 1976) ! o 
individuals outside the professional area of Special Fdu- 
cation, this may be a completeK unfamiliar controversy 

Basic process instruction is a major historical devel- 
opment in Special Education Basic process instruction 
states that if a student is having problems in learning the 
complex academic skills of reading and mathematics the 
cause may be deficits in basic learning processes such as 
usual figure-ground discrimination, usual imagers. aud- 
itory memory, auditory sequencing, etc . (I. erner. 1976) 
Asa result of this causc-and-effect theory between deficits 
in oasic learning processes and problems in learning com- 
plex academic skills, many clinicians in Special Educa- 
tion began developing elaborate remedial programs to 
help students learn and practice basic learning processes 
rather than spending time on direct instruction The con- 
clusion of the basic-process instruction theory is that if 
the student's basic learning process deficits are reme- 
diated through these systematic programs, then the stu- 
dent's difficulty in learning the rrorc complex academic 
skills of reading and mathematics will be eliminated or at 
least reduced. - 

Starting in the late sixties reports of systematically 
controlled research studies to question the eause-and- 
effefct relationship between remediating basjc learning 
processes and improving learning in complex academic 
subjects (Wicdcrholt, Hammill, & Brown. 1^78) the 
positive results of individual students which were ob- 
tained clinically could just as»likely be attributed to a 
number of indirect factors The two most powerful alter- 



native explanations were ( I ) that The successs during the 
easier basic-process instruction had positive effects on the 
students' attitudes toward school* and learning, and (2) 
tnafthe students were oldei intellectually and neurologi-* 
cally after a period of basic process instruction and, there- 
fore, were at a higher state of readiness to learn the 
complex academic skills 

On the other side of the controversy, authors have 
written about the necessity oi dnect instruction in com- 
plex academic skills, which is the second theory of 
instruction referred to at the beginning of this chaptei. A 
major strategy of direct instruction with handicapped 
students is task" analysis, which is a way to subdivide 
complex skills into smaller parts to make learning more 
manageable and individualized for a student with learn- 
ing problems (Bateman, 1967 and 1974). I he authors of 
this chapter advocate direct instruction tor teaching aca- 
demic skills This position does not advocate totally aban- 
doning basic-process instruction because such teaching 
emphasizes success and time for maturation However, 
direct instruction in academic content areas must also be 
part of a balanced special education program. This chap- 
ter proposes to go beyond task analysis to an even more 
individualized teaching strategy which can help handi- 
capped students learn basic mathematical computational 
skills and increase their confidence as independent 
learners 

TWO BASIC PREMISES ABOUT THE 
NATURE OF LEARNING 

There are two basic premises* about the nature of 
learning which underlie this strategy for teachingcompu- 
tational skills First, all learners attempt to make the 
complexity of what they arc learning more manageable by 
forming rules (Smith, 1975) In the ease of a bright stu- 
dent these rules *eem to develop easily . accurately, and in 
a systematically organized structure However, for a stu- 
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dent having learning problems the rules he or she forms 
may take a great deal of etlort to tormulate. be inaccurate 
in that the\ work sometimes but not other times, and be 
inadequate!) oiga^i/ed lor usefulness to the learner 
Second, a learner's) confidence and willingness to be an 
independent learner is in direct proportion to the -earner's 
confidence in his or her abilit > to form the neeosary rules 
to managejhe complexity of the learning task and to 
avoid being overwhelmed (Ginsberg. 1977} Remember, 
children are bom into a world ol "buzzing, blooming 
confusion" (William James), and their job intellectual!) is 
to create gradual!) a set of internal rules to under a\»nd the 
external complexitv 

THF LEARNING OF COMPUTATION AI 
SKILLS AND DIAGNOSIS OF 
COMPUTATIONAL SK1I L ERRORS 

Keeping the above assumptions in mind. le*' now 
limit our focus to the learning ot computational skills 
Some students seem to acquire speed and accuiac) »n 
confutation as easily as learning to breathe, w hile others 
painfullv hnguish or drown in the sea ol numbers It is 
this latter group that this chapter hopes to bring into 
better locus Here is an example of a computational skill 
recently demonstrated by an elementarv school pupil 

729 
+ 345 
91614 

I he answer is obvouslv wrung We would all mark the 
sum incorrect How manv ol us would invest.gate further'* 
Do wc help this student improve computational skills bv 
giving more problems of the same type, in wiuci. to make 
the same error'. Or is it in fact an error in the thinking ot 
the pupil (i e . the ability to form rules)' r l his may not be a 
simple careless error but rather » conceptual one which 
goc< much deeper, one which deals w ith a student's ability 
to understand the addition algorithm, the step-by -step 
procedure or rule for addition. Is there more than one 
« error present'' As a teacher, are you able to identify the 
conceptual procedure that the student may be using in the 
problem 9 How might you Make sure you understand 
precisely what the student is doing'* (Sec theanswer at the 
end of the chapter, footnote one) What is the most accu- 
rate way to find out what the student is doing'* 

Learning computational skills is an important foun- 
dation skill for all students So when a student is havir * 
problems it is essential to be able to diagnose on an 
individual basis how each student's unique internal set of 
rules works to produce his or her padern of computa- 



tional errors Indeed, the student is the only expert on 
how he or she is thinking, and as teachers, our lirst job is 
to become a student ol how this unique learner under- 
stands the woild Armed with this diagnostic perspective, 
we are better able to plan a remedial program to help the 
student rccogm/e incorrect rules and cicate concert ones, 
thereb) inereasingthe student's confidence and independ- 
ence in computation 

Therefore, the unique component of this fcfftrfiing 
strategv is that we, as teachers, must fust become a stu- 
dent of how a troubled leainct understands the world 
1 his diagnostic strategy is an active constructive process 
of accuiately creating another person's perspective Our 
goal is to seek the troubled learner's confirmation that we 
have indeed accurately described how he or shejs think- 
ing To obtain a feel foi this diagnostic process, active 
participation is essential Hence in the next portion of the 
article, active participation is required on the part of the 
reader 

DIAGNOSTIC PROCESS ACTIVIIIFS 

On the tolUAvmg pages you, the reader, will be asked 
to diagnose the pattci ns oi studentsVomputatmnal errors 
m addition, subtraction multiplication, and division Not 
only will vou be asked to diagnose the pattern ol error, 
vou will have the opportumtv to analyze the computa- 
tional error and suggest a strategv lor remediation 
Remember active participation is a necessity for complete 
understanding of the entire process oi diagnosing and 
remediating computational errors 

Before starting, several guidelines need to be estab- 
lished 

/ 

1 Vou will be given several challenges on w!uch to 
work 

2 Fach challenge deals with an actual conceptual 
computational error made by students 

3 Lach challenge contains only one conceptual 
- error \ou are to diagnose the one conceptual 

error in each challenge. When you work through 
the errors you vvill note that the student's rule for 
solving the problem often results in many correct 
answers In fact in many cases 50 percent or more 
of the answers will be correct eve.i when using the 
wrong rule' 

4 i ollowing the challenges, "potential" answers to 
the components of diagnosing and remediating 
will be prov ided Your answers may be as valid as 
those provided, even though they may be different 

5 Be sure to writedownall your answers Participate 
actively by writing m the text or on a separate 
sheet of paper 
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Challenge N jmber I Identify this computational error 
pattern 



Also, it would be helpful to ask the student what he or she 
is doing and to explain the procedure Are the tens ar>d 
ones identified as being different in value" 



64 


2. 23 


3 5 


4 33 


5 58 


+ 8 


+ 71 


+ 72 


+46 


+4 


18 


94 


14 


79 


17 



Can you calculate the "answer" to make sure you under 
stand the computational error pattern'' 

I. 52 2 20 3 79 
+ 7 +63 +3 



Challenge Number 2 Identify trm computational error 
paitern 

1 

! 261 2 35 

- +328 v92 +389 +8411 

589 19 7120 119 



467 



XS 

493 



Can you. calculate the "answer" to mak-e^ure you under- 
stand the compuiational error patlern? 



Below, descnbe the computational problem as you per- 
ceive it, Fxactly what do you think the student is doing* 



Your result should be a* follows 



444 



2 



779 
+481 



3 242 
+589 



r 



Below, describe the computational problem ks you per- 
ceive it Exactly what do you think the student is doing? 



52 


2 20 1 79 




+ 7 


+63 +3 


Your answer should be as follows 


14 


83 19 








I 444 2 779 3 242 



The student is missing only those problems w hich have a 
two-digit and a one-digit number Inthesecasesthedigits 
are a,ddcd together When two two-digit numbers are 
used, the addition appears correct, but none of the piob- 
len\s of this type require regrouping (carrying) It is possi- 
ble that a problem in place value exists. 

What strategies would you, as the teacher, employ to help 
the student? Describe one instructional activity which you 
feel would Kelp correu this computational error 



► 325 
796 



►68 1 
II 18 



+ 589 

7in 



The student is reveismg the usual algorithmic procedure, 
disregarding place value We read from left to right, so 
why not add that way' Addition is performed left to right 
and le( digit is recorded when more than I digit results, 
with the right digit being earned Note that the proce- 
dures that do not involve carrying are correct; this sort of 
procedure in which some problems are correct and others 
are not might result in the teacher concluding that tne 
student is merely careless 



Two possible solutions follow. Yours may be different 
I. Use manipulative materials such as popstcle 
sticks to show bundles of ten and single popsicle 
sticks Have the student collect the units and tens 
and record each category. 

2 Use serniconcrete materials and draw a place 
value chart 



What strategies wo-jld you, as the teacher, employ to 
help the student 9 Describe an instructional activity which 
you feel would correct this pattern of error 



Two possible solutions follow 

I Use a bank with coins or a game board to help the 
student understand place value. 



lens 


Units 


T 


U 


T 


U 














(Ones) 










H 


H 


T 


U 


TH=Thousands 


5 


2 


2 


* 0 


7 


9 




7 


7 


9 


H= Hundreds 


+ 


7 


+6 


3 


+ 


3 




6 


8 


1 


T=Tens 


5 


9 


8 


3 


8 


2 










U= Units (Ones) 
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A trading process using coins or base ten blocks can 

be employe^} in th e process. 

2. Estimate or approximate the sum before com- 
mencing the solution to the picbfem In problem 
2, for iflstance, the sum is greater than 1300. 



Challenge Number 3. Identify this computational error 
pattern. 



I. 



4* 

5/4 
-126 



/37 

-366 



3. m 4 
- 499 - 499 

428 271 299 93 

Can you calculate the "answer" to make sure you have 
found the computational error patten? 

I. 784 2 841 
-394 -255 

Below, describe the computational problem as^ou per- 
ceive it Exactly what do you think the student is doing? 



» /so 



841 - #0 + W+ / 



500 + SO + 6 = 586 
Note Adding to check the problems where drors 
have been made will only wify the er;or in algorithm, so 
this should not be done. 

Challenge Number 4. Identify this computational error 
pattern 



// 

633 
X 5 

3165 



2. 411 

X 65 

2465 



3.<**97 
X 43 

3581 



I 

4./ 315 
V283 
695 



Usiog this procedure, can you calculate the "answer"? 

J I 492 2 973 - 

X 44 X6I7 ^ 

K 

Below, describe the computational problem as you per- 
ceive it: 



Your results should be as follows. 
-394 



Your results should be as follows. 



390 





3 






1. 492 


2 973 


-255 


X 44 


,.617 


496 


4968 


5491 



Subtracting with regrouping or renaming once creates no 
problem, but where renaming more than onc?fc intro-/ 
duced the student's algorithm is incorrect. It is a gooo 
thing that the "crutches" are shown, because it makes un- 
easy to see what the problem is. Can you think of a 
strategy to help the student? 



This is a complicated process the student has developed. 
It is a combination >f the addition algorithm and the 
multiplication algorithm. Each column is considered as a 
separate multiplication. When the multiplier has fewer 
^digits than the multiplicand, the left most digit of the 
multiplier continues to be used. 

What strategies would you, as the teacher, employ to help 
the student? Describe at least one instructional activity 
which you feel would help correct this pattern of error. 



Several possible solutions follow: 

1. Use a place value chart. Discuss what we need to 
trade in tens for ones, then record the action; tten 
trade hundreds for tens, recording the action 

2. Use base-10 blocks for a concrete representation 
of the problem, repeating what is in "I" above. 

3. Use popsicle sticks. 

4. Use an abacus 

5. Use money. 

6. Use expanded notation: 



Here are several solutions. 

I. Use the distributive property by rewriting the 
problem into two problems: 



492 
X 44 



492 

X 40 



492 

+ X 4 



19 



18 



1 



2 If this abstract example is not clear, use the geo- 
metric method which is a semieoncrete method 



40 



492 
Y492 X 40) 



(492 X 4) j 



3 Mask the multiplier's digits so only one digit is 
showing at a time Complete the multiplication as 
a partial product 

973 °73 973 973 

X6I7 < 7 -r + X <>»'.»'■ 

6811 681! 973* ■ 4038'. 

9730 

' 403800 
420341 

If the student stilt does not* understand, go back to addi- 
tion and subtraction to see if the student understands 
those computational processes Then try some simpler 
multiplication problems „ 

Challenge Number 5 Identify this comrtutational eiror 
pattern 



I 342 2 322 

*>[6K4 3(776 

Can \ou calculate the/'answer" %> 



' 3 212 
4[942 



I 2(276 



2 3(429 



Below, describe the problem as you peiceive it 



Your results should be as follows 

I 133 2. in 

2(576 3(429 



F.ven incorrect algorithms sometimes produce correct 
answers »The student is ignoring place value and treating 
each dig»: as a "ones M In addition, the student is merelv 
dividing the smaller digit into the larger, as well «?s ignor- 
ing the remainder. Notice, also, that no work is shown 



What strategies would \ou, as the teacher, emplov to 
help the student Describe at least one instructional acmitv 
which \ou teel would help the studen; 



luo possible solutions aie 

I I each the student, with obiects, to keep a step-by 
step record ol the division process One could use 
base- 10 Slocks Stern blocks, Cuisenaire lods, or 
bundles ol stic 1 Complete a simpler problem 
such as M -- 3 _ \V hile doing the problem w uh 
manipulative^ wntc dow n the algorithm abstractly 

l_ [_ IS 

I 3 54 2 3 r M 3 3; S4 

1 3 1 

2 24 24 
v . 24 



I se the svallokiing i>\ estimating quonents \ oi 
example 
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9" 






10 


4(77 




4[77 


40 


10 


40 


37 




37 


36 


9 


16 


1(19 


* 1 



I he h\e challenges vou have worked through aie but a 
lew examples ol the niwiad ol t\pes ol conceptual com- 
putational enors that students make I ach ol the above 
problems is an actual student error As mentioned these 
In e challenges aie but the tip ol the iceberg Perhaps some 
ol uui! sti'dents ha\e made some ol these t\ pes ol concep- 
tual errors I or an excellent picscnution ol adduional 
computational errors, the reader isf-rfivrled to read Ash- 
lock ( 1976) ) 

I he purpose rrf^his chaptenyhn attempt to sensitize 
the reader to the lacrYhtlTTFiaacquisition of eorrputa- 
tional skills b\ students requires that teachers see stu- 
dents' compulation;*! eirors not as random >r careless, 
but as a rich resource material for diagnosing the stu- 
dents' incorrect conceptual rules With this individualized 
and diagnostic understanding ol the tumbled leaner, the 
t cachet can he; in direct remedial instruction to help the 
student increase computational aeeutacv and speed 
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I he above challenges all resulted from a student 
conceptual!) mi .using a given algorithm or rule Trusts pe 
ot error is the most common Inistake that students make* 
More dull \s ill not unrest it Diagnosing and converting 
conceptual erroi s is a tisk not onlv to, elenieYitarv school 
leacheis but also tor junior and senior high teachers, as 
more and more secondaiv school teachers are teaching 
remedial mathematics classes to students \s ho make con- 
ceptual er rors 

SPE CIFIC SI EPS IN DIAGNOSIS 
AND RilMI DIAIION 

Spec it ic steps \i\ the diagnosis ol computational skills 
will help teacheis a^cei tain each student's unique level ot 
understanding \ nst the teacher can start vsith a clear 
honest explanation to the student such as "In order to 
help voir learn subtraction I need to understand hfst runs 
vou aie thinking when vou work the subtraction prob- 
lems I need vou to teach me ho\s vou are thinking \ on 
are the tcachei and the best expert ol how vou arc think- 
ing and I a ill voui student " In the next step analv/ethe 
student's vMitten problems (as \ou have alreadv expe- 
rienced) and m ^mew the student to complete the mves- 
tigatlve diagm sis [)uim£ the inter v ie\s vou need to listen 
caictullv in oidci to iccoiistiuct the student's rules * r\ 
not to teach during this diagnostic phase '\ ou must get 
confirmation ti 0111 the student that vou ace match under- 
stand how the student thinks \s hen working on the prob- 
lem in this case subtraction he ton 1 going on to the 
lemediation phase I his diagnostic phase it Well done 
demonstrates that vou value the 'student enough lo inv cm 
voui genuin* attention and that vou believe m the stu- 
dent's abrhtv to ff>i initiate mcreasinglv more accurate 
rules to learn coaiputat ronal sk lis 

I he remedial phase also has two *teps } irst the 
teacher needs 'to help the student see how the student's 
own rule ina\ work some ol the time but not all of the 
time Both the sense of trust dc\ eloped in the diagnostic 
phase and the support of the teacher will help the student 
give up the old rules and experiment with new ones I he 
second and essential step ol the remedial phase is the 
structuring ot activities lor tac student to M o\erleanT the 
new rules so that the student can become mcreasinglv 
independent and self-confident in thinking and solving 
problems 

IMF SPECIAL SIGNIFICANCE OF IMF 
DIACiNOS I IC AND REMEDIAL 
PROCESS FOR HANDICAPPED 
STUDENTS 

I his diagnostic and remedial stra'egv is important 
for all learners However, handicapped learners are in a 



double bind when thev make repeated conceptual errors 
in computation I his double bind comes horn the tact 
that thev not onlv sutler the consequences o' ..ptual 
errors hut are also more likclv to make conceptual errors 
in the trrst place 

I he tirst reason lor these uiei eased conceptual enois 
is that a significant proportion ol handicapped students 
are character i/ed bv the hv peractiv ttv svndronie I his 
svndrome includes short attention span, talking exces- 
sively being argumentative with luends. siblings and 
classmates impulsive and driven motor behav 101 s such t «s 
lidgetmg and manual*, easih distiaclaMe bv external 
sensor v stimulation and impulsive shitts ot attention 
from one idea and interest toanother ( I cinei 1976) Asa 
result ol a combination ot these characteiNAv manv 
handicapped children will tend to create bi/ar re orinumi- 
pletj i ule\ even w hen provided with cflcctive instruction 
Second the double hind :s furthei icmtorced it a uile is at 
least partialiv su< v cs*,Uil I he student will not take the 
initiative to find another r ulc unless a supportive tcachei 
is the<e to help I here is still a thud factor which tends to 
reinforce the double bind \\ hen icpeatedlv told tlyx ^ic 
wrong tlu se students inucasinglv lose then initiative to 
(orniulate leainmg rules and trust then own thmkiag 
. Hence in the tuiuie the troubled leaniei vull sunplv 
assume a passive and random set ol reactions believing 
that leaning is too ov ervv helming to'copc with It is not 
uifusuai lor handicapped students to refuse to attempt a 
computation pioblcm unless the teacher is sitting iu\wb> 
and ciailummg the acuuao of each smalt siep before 
proceeding lui ther 

I lie double bind is a repeating negative evc^c toi 
handicapped learners I he kev to reverse this negative 
cvclc is n )t repeated dull but rather, indiv id ual diagnosis 
t< leal n the current inadequate rules ot the tumbled 
learner <md fcmcdiation to help tlu leainei eieate new. 
accurate inles \s the learner becomes mote sell -con- 
fident in thinking and in creating concepts the learner 
starts to szcnciaU the positive repeating evdes ot sin ess 



\ FIN AT I MPHASIS 

\s a final ecnphasis to the reader to coneet not onlv 
computational tnois but also to diagnose and remediate 
them, the vwiteis leave the reader with one more student 
hallengc 

Diagnose and suggest strategies foi remediation ot 
the following conceptual enor 

14 2 6 1 

o 1 12 6 



3 3 
s 3 



□ 



4 2 

10 
6 4 



J_ Of J 
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As teachers we want to help students learn It we treat 
conceptual errors in mathematics mereK as careless stu- 
dent errors, we are treating onh the s\mptoms As dedi- 
cated teachers we need to dig deeper to treat the cause and 
not just w hat appears to be a svmptom The skills to both 
diagnose student errors and remediate defeetne compu- 
tational rules are a dual goal to which all teachers shoulJ 
aspire it is hoped that this chapter rras sensiti/ed the 
reader to tbjt end 

• 

Footnotes 

1 I he student has plat.e-\alue problems plus more I he student 
is adding w hen the number on top is larger than on the oottom 
but sees a mvd to boirou when the numbci on top i^pot laiger 
than the one on the bottom One wonders what the student 
would do vuth the follow m fr problem 

25* 
♦ 5-2 

I he best straieg\ to defeimine what a student is thinking is to 
ask' 



RFF FR FNCFS 

Ashlotk R f rroi Pauetns in Conifmtattun C olumhus Ohio 
C t \1emil 1^76 

Bateman H "l durational Implications, ol Minimal Brain 
I)>stunctmn " Readmit feather 27 (April 1974) 662-668 

Bateman B "I hree Approaches 10 Diagnosis und Fdueational 
Planning lor Children w uh I earning Disabilities ^Atademn 
Iheia/n Quarterh 2<I967) 215-222 

(nnsberg H C hddt en's Anthmetit The learning Process 
New \ ork New V ork I) Van \ostrand Company 1977 

I ^rner I Children with learning Disabilities (2nd Id ). Bos- 
ton Mass Houghton Mifflin. 1976 

Smith \ ( t>nt,>rehension and l earning A Cam eptual Frame- 
work lot leathers .New V ork NeaNoik Holt Kmehartand 
W mston 19,5 0 

\\ lederhoh I I Hammiil I) and Brown \ The Resoime 
leather \ ituide t*> t '/«'< //w Pnaiues Boston Mass Ml\n 
and Bacon Im 



21 



ERLC 



22 



3. AN INDIVIDUALIZED APPROACH FOR LOW- 
ACHIEVING LABELLED AND NONLABELL^ 
JUNIOR HIGH MATHEMATICS STUDENTS: 
A LONGITUDINAL REPORT 

by Robert A. Uhl 

Robert Uhl interject* the variable of class size as an important element m the 
mamstreaminz of children into junior high mathemai^s classes The author teaches 
mathematics at the P J. Jacobs Junior High Sihool m Stevens Point, W'^onsm 



Jams (1964) documented that the wide range of 
individual arithmetic differences per grade level increase 
from grade level to grade level whik K^tc and Fornwalt 
( 1967) showed that the rate of mastery and retention of 
mastery for arithmetic skills differs for each student. Tra- 
ditionally, students were allowed.a fixed amount of time 
to learn a particular un.t or skill The result is a variation 
in the achievement level attained 

Becher. Engelqpann. and Thomas ( 197 1) suggest eti- 
ology may be less important than the academic environ- 
ment in which the student is placed Schools are designed 
to build successively year after year upon skills acquired 
by the student in previous years If at any point a student 
has not acquired the appropriate prerequisite skills, fail- 
ure is likely I he authors further sufte that a history of 
failu re may promote expectations of failure which in turn 
make actual failure more likely The noncategoncal 
approach submits that the organi/ation of teaching is 
more important than the sorting of learners by labels 
(Gillespie, Miller, & Fiedler. 1975 Lilly, 1977). 

The simplest and most versatile special academic 
environment which can replace failure with success is the 
tutorial method of instruction Bausell, Moody, and 
Wal/I (1972) have demonstrated that one-to-one instruc- 
tion results in greater mathematical learning than^dAes 
classroom instruction. An experiment by Moody, Baft- 
sell, and Jenkins (1973) studied the effects of various 
student-teacher ratios (11,2 1 , 5 L a nd 23: 1 ) on students' 
learning The greatest loss in learning occurs as the 
♦ instructional |atio changes from a tutorial setting of I I to 
the smallest group setting of 2: 1 . Losses continue as the 
ratio increased. These studies strongly suggest the need 
for providing tutorial instruction (I I) or the smallest 
group setting economically possible for educationally 
handicapped students who have fallen far behind their 
classmates. 

A more economical means of maintaining a similar 
one-to-one approach with each student consists of indi- 
* viduahzeohnstruction However, the effectiveness of indi- 
vidualized >*mKuct ion is questioned by Hirsch (1976), 



Miller (1976), and Schocn ( 1976, 1976) in their reviews of 
ttsearch In general, mdividuali/ed instruction is<Jefined 
in terms of being taught under an individualized system 
emphasizing ;1) curriculum based on a specific set of 
behavioral objectives, (2)contcnt div ided into small units, 
(3) "self-pactcT arrangemenr i.e , students proceeding 
through the materials at theirown rate, (4) students learn- 
ing independently , and (5) pre- and postcntenon-refcrcnced 
tests The teacher's role was that of manager, record 
keeper, individual tutor, and curriculum developer In 
summary', th? research studies reviewed by Miller indi- 
cate ( I) no significant differences on a norm-referenced 
basis in mathematics achievement among the individual- 
ized and traditional approaches. (2) the duration of indi- 
vidualized instruction increases as the achievement aver- 
age decreases, (3) individualized instruction has a limited 
eifect on student $tnudes, and (4) minor support for 
individualized instruction benefiting students of Mow 

ability * 

Even though individualized instruction seems to 
have little effect on student attitudes. Beck ( I977)did find 
that students in grades one through eight do possess defi- 
nable attitudes in mathematics, science, social studies, 
and reading language. Beck's research concli ded (l)stu- 
dents* mean attitude toward each of the four content areas 
(including mathematics) for grades one through eight are 
positive, (2 ) across the eight grades science is the best Uked 
subject and mathematics the least liked, and (3) even 
though student attitudes are positive they decrease each 
year as the giade level increases. 

Research exemplifying the successful and practical 
use of learning principles in the classroom to alter social 
and academic behavior has been more positive (OXeary 
AOTeary, '972, 1977) These authors have documented 
how a student's behav ior can be changed by manipulating 
observable preceding and consequent events in the class- 
room. 

Smith and Lovitt (1976) used reinforcement contin- 
gencies to increase the stutfents'anthmctic computational 
proficiency, but reinforcement contingencies were not 
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effective in the acquisition of skills I he ramifications of 
this research are overlooked by mam elas>room teacher s 
Namely, reinforcement contingencies initial!} may not be 
effective because the desired social ot academic beha\ lors 
are not vet in the repertoire of the student First, the 
desired behavior must be learned, then reinforcement 
contingencies can ser\e to moti\atc. increase, and main- 
tain satisfactory levels of performance 

In this stud), junior high school students with excep- 
tional educational needs foi learning basic arithmetic 
skills were placed in an Indi\ idual Math Program (IMP) 
I he purpose of the IMP was to help categorical and 
noncategorical students who had- previous!} failed to 
meet the ar'hmeia: requirement' of a developmental 
school cumculum to which their chronological age had 
assigned them Categorical students were students Uttcllcd 
by the school psychologist as educahle mentally handi- 
capped (fMH). learning disabled (I D). or emotionallv 
disturbed (ID) Noncategorical students (NC) includtd 
those students naving no etiological label The IMP was 
designed ( I ) as a mainstreaming model to teach categori- 
cal students developmental arithmetic skills and to bridge 
the gap between a categorical resource center and the 
traditional departmentalized mathematics classroom, and 
O as a remedial model tor teaching developmental arith- 
metic skills to noncategorical students who had tailed in 
the traditional departmentalized mathematics classroom 

I he purpose of this chtiptcr is to characterize the 
IMP and report on data eolleeted during the four longi- 
tudinal studies Kich longitudinal section lasted three 
academic school vears grades seventh, eighth, and ninth 
Ireatment variables in the IMP were combined in an 
attempt to maximize student success in learning basic 
arithmetic skills 

VI F I HOD 

Subjects* Junioi high school students were se- 
lected foi the IMP based upon a needs assessment for 
remediation ot basic arithmetic skiils Students with a 
two-year or more discrepancy between chronological age 
and actual functioning level in basic arithmetic skills and 
consistently teeming low IVs and Y \ m the traditional 
classroom were scheduled for the IMP Discrepancies 
were measured bv norm-ieferenced tests, criterion-refer- 
enced tests, and staff intuition ClVs size ranged from a 
minimum o! 12 students to a maximum of 14 students, 
with an average ot ! \ students per class lo maintain a 
flexible student schedule, all three guide levels were inte- 
grated in each class period, / e . nongraded Fnrollmcnt in 
the IMP fluctuated from 104 to7K students, which was 10 
to 7 percent of the student bodv Staff positions lor the 
IMP were taken voluntarily It was necessary that each 



teachei be willing to follow the structuie ot the IM P and 
dcsir_ to vvoik with low -achieving ai ithmetic students \ 
discussion of the tiaditional classroom will not he pre- 
sented I he traditional classroom is teat her -centered, 
teacher -paced with common tests given at the same time 
to all students and ha^ a student-teacher ratio ot 2> 1 or 
more 

A ( cjuisition of Skills I nv uonmenial conditions which 
affected students' behavioi in the IMP wcie classified as 

( 1 ) conditions for the acquisition of skills and (2) condi- 
tions foi t he proficiency ot skill- Conditions established 
to maximize student acquisition o! skills wcie (I) indivi- 
dualized institution with a student-teacher ratio of 13 1. 

(2) pre- and postci itei ion-referenced testing. O) a devel- 
opmental curriculum, (4) piogiammed materials with 
immediate feedback and periodic reviews. < 5) establish- 
ment ot cleai Miles and objectives and (6) student 
coi i ci tors 

( i iter ion- 1 ef ere need pretesting was used to identify 
individual student ai ithmetic deficits Arithmetic skills 
and concepts m which t he student was deficient consti- 
tuted the student's v arious- units of ciur k ulurn 1 his diag- 
nosis was initiated with an assessment ot second-grade 
arithmetic skills and continued through a developmental 
skills continuum until concluding with ninth-grade gen- 
eral math skills 

1 he student began with a pretest It the pretest results 
were acceptable < I0O-9N percent tor an A t )7- t )5 percent 
for an A- l M-92 percent loi a IK u l-<s^ percent tor a B. 
and KN-Sn percent tor a B-h the student received a grade- 
tor that particulai ainhmetic skill and skipped the accom- 
panied unir of vvoik I he process was continued by pro- 
gressing to the next sequential unit of curriculum with Us 
pretest Again, it the pretest results were acceptable the 
student skipped the work and was programmed for the 
next pretest with its unit ot curriculum II and when the 
pretest results were not acceptable 85 peieent or less, the 
student was programmed toi that particular unit ot work 
in ordei to develop a cet tarn arithmetic skill I pon com- 
pletion ot the unit of work, the student took a posttcst If 
the posttcst icsults were acceptable, the student pro- 
gressed to the next unit ol curriculum However, it the 
posttest results were "not acceptable, the student was 
reprogiammed until tin required level ot achievement for 
that arithmetic skill was acceptable 

Developmental materials were the source of these 
units of curriculum I hree developmental series were 
adapted and programmed Faeh developmental series* 
was organized into units of curriculum whn;h were pro- 
grammed with immediate teedback 4 available Faeh unit 
was broken down and a i ranged into lugieallv sequenced 
. nail steps I ach step or page ot the unit provided tntoi- 
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mation, required the student to icspond to the informa- 
tion, and gave feedback to the student regarding the 
correctness ol his her response Curriculum topics con- 
sisted o! the 400 rv<ac arithmetic tacts, telling »ime. mak- 
ing change, measuring m inches, and understanding and 
operating \uth whole numbers, tractions, decimals, pcr- 
cents. and storv problems Materials also included pro- 
grammed reviews on a periodic spiralling continuum 
Developmental materials included ( I) tor seventh and 
eighth graders Mathcnwtus for Individual A(hwvc- 
nwnt by Houghton Mifflin, broken inro 125 units ol 
curriculum lor levels three through seven, and (2) lor 
ninth grader* Spectrum Mathematics Series b> I aidlaw 
Brothers and Programmmed Math Sullivan Associates 
Program hv Midi iw-Hill. broken into !()() units oi cur- 
nculum tor levels three through nine there was also a 
vanetv ol supplementarv materials available it the stu- 
dent had dilhcultv with the units ol cm nudum adapted 
from the three developmental scries Supplementarv 
materials were interchangeable horn grade level to grade 
level depending upon the student's needs Supplementarv 
materials included ( I ) addition, subtraction, multiplica- 
tion arid division Hash cards with stop watch. (2) visual 
sequential multiplication tables \uth stop watch. O) mea- 
surement cards with developmental uilers (4) lime teller 
i ami 11 bv leech-l mCompanv. (5) Change Makei bv 
C revive teaching Press. (6) 1 faction Rods bv Cicative 
Publications. C) C omputational Skills Development Kit 
b\ SR A. (S) Merrill Mathematics Skill lapesbv Men ill 
Company. Wollcnsak I apes bv 3M Companv.tMM 
tivc tape players bv (ahlone. (II) three ^calculators bv 
Monroe J2) tour Digitors bv Centtfiion, and tU) one 
Classmate S v bv Monroe W ith these developmental ami 
supplemental materials, students were able to work at 
their own developmental speeds and levels So that poor 
readers were not handicapped, all materials were screened 
* to insure sufficiently low reading lc"\cls 

Social rules and academic oKfecHves were clear h 
stated to all students Students knew what behaviors, 
social and aeademfc. were acceptable and what were not m 
acceptable Also, minimal academic standards were arbi- 
trarily set lor the IMP as a group^nd tor each individual 
student to insure minimal academic progress Minimal., 
accdemiestandaids included ( 1 ) Each student must com--- 
plete five or more units of work during matn class per 
nine-week grading period depending on the student's abil- 
ity If not completed then the student must complete the 
remaining units of work during study hall or after school 
in order to receive a glade (2) No student can be absent 
for any reason fiom math class for more than nine times 
per nine-week grading period llabsen 'en times or mo r e, 
then the student must make up all class periods absent 
during studv hall or alter school in order to receive a 
grade And. (3) I ach student mustmemori/c the 400 basic 
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anthmctie tacts within the lirst nine-week grading peiiod 
It not. then the student must continue to work on them 
dunng studv hall or alter school until masktv. in order 
not to t ike time away I mm the othei units -{ cui i iciilum 
to be learned * 

Students were instructed individually on a HI 
student-teacher latio m their indiv iduallv prescribed units 
ol curriculum Student correctors were needeu\is a ncces- 
sarv mearibot providing the teacher with more individual 
instruction il time pel student Student correctors were 
used to concct most pre- and post tests However ail tests 
weie giaded b\ the teacher One student collector was 
managed b\ the teacher per period Sttident coriectors 
weie obtained on a voluntary basis during their studv 
halls Student volunteers were screened bv stall members 

PtofuHctii \ of Skills Conditions established to 
maximize student motivation and pioticiency* ot skills 
were ( I) students charting and evaluating their own aca- 
demic piogress (2) tcacheis monitoring student progress 
dailv (1) positive lemtorcement. and (4) punishment 
Positive reintoiccment consisted ot presenting token rem- 
toiccis, tree-time activity reinlorceis. and social rein- 
lorceis All reiniorcers weie intrinsic to the classroom 

lokcn reinlorceis were in the torm ot letter grades 
Students received a letter grade ot an A or B tor each unit 
ot cumculum completed I his was possible since the 
student was not graded on any unit ot curriculum until 
either the prc-oi posttest results were acceptable Initially 
token icintoreement was accomplished by testing at a 
lower level than the student was functioning, / v . second- 
grade arithmetic skills therefore each stifdent expe- 
nenced success at the start Prom mis starting poir* each 
student progressed to his m her own academic function- 
ing level and continued to develop more arithmetic skills 
I etter grades reflected the student's individual progress 
rather than the grade-level expectations appropriate for 
their chronological age 

Eree time reinforcers consisted ot a menu ot free- 
time activities including (Da library pass, a pass to 
another classroom, or the hall pass. (2) reading a book, 
magazine, or comic. (3) using math games, puzzles, or a 
calculator. (4) writing a note to a friend. (5) listening to a 
tapc> (oj 1 helping the teacher by runnirg ecrands or tutor- 
ing another student, and (7) helping the math department 
secretary Students received tree-time reinforcers after the 
completion of a predetermined number of units of curric- 
ulum (ratio schedule) Erec-tune reinforcers gave the stu- 
dent a tree-period instead of the scheduled math class 
Students a 1st) received free-time reinforcers on a variable 
schedule as a surprise tor appropriate social academic 
behavior In shaping a student's behav lor both social and 
academic behaviors were of primary concern 
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Social reinforccrs included a pat on the back, a smile, 
praise, social interaction from the teacher, answering a 
students question, and positive contact with parents 
'phone call, letter, or conference Social reinlorcers were 
given tor appropriate arithmetic or social behavior 
Social reinforcers were also paired with all other rein- 
forcers so that social reinforcers -would become more 
meaningful For any given student the effectiveness of 
different reinforcers varied greatly However, effective 
reinforcers of some form did exist for most students T he 
central idea of reinforcement was to catch the stud* \t 
exhibiting the appropriate behavior and reinforce it 

Students received punishment for incorrect arith- 
metic or inappropriate social behavior which they were 
able to control K .*i muse not to manage Punishment was 
in the form of response cost, removal of reinforcers, and 
sott reprimands Response cost was the process of letting 
an inappropriate behavior occur, but making the behav- 
f lor become so costly that the student found it not worth- 

while to continue Fxamples included keeping the student 
after school one minute for every minute he or she refuse^ 
to do arithmetic work or keeping the student after school 
one minute for each time the student disturbed another 
student Removal of reinforcers occurred when the stu- 
dent exhibited inappropriate social behavior or arith- 
metic errors Reinforcers were reinstated when appro- 
priate behavior recurred Soft reprimands were also given 
by the teacher for inappropriate social behavior or arith- 
metic mistakes 

I he academic procedure of the IMP was monitored 
by both teacher and student in order to chart the*student\ 
arithmetic progress Criterion-referenced pre- and post- 
test results on each unit of the curriculum prescribed for 
the student were recorded by the teacher in the grade 
book and by the student in their individual f'oldet on a 
developmental;skilIs continuum checklist Also, each day 
the teacher tallied the number of pages of curriculum 
completed by the student and recorded this data in the 
grade book urftier the current date 

With this structural design, the student's behavior 
was affected by two types of environmental conditions 
I he acquisition conditions provided the necessarv stimu- 
lus control so that appropriate student behavior was mq^t 
j likely to occur The proficiency conditions of positive 
^ reinforcement as well as teacher and student charting of 
progress provided the necessary response, contingent 
upon appropriate student behavior, to increase the fre- 
quency of appropriate student behavior I he proficiency 
condition of punishment provided the necessary response, 
contingent upon inappropriate student heha*ifcr. to de- 
crease the frequency of inappropriate student behavior 



RESULTS 

Data gathered to evaluate the IMP wa» generated by 
the Metropolitan Achievement Test and an adapted form 
of the Revised Math Attitude Scale (Aiken. 1963) Tli e 
intermediate f.orm of the Metropolitan in mathematics 
designed for grades tour. five, and six was selected for its 
content validity By inspection of items it was determined 
that the intermediate form covered a majority of the units 
of cumculum in the IMP f he attitude scale was con- 
structed by I ikerts method of sum mated ratings from 
one to five for ten items connoting negative attitudes and 
ten connoting positive Results' o{ the four longitudinal 
sections were evaluated by eyeballing the tabulated 
averages 

See I able 1 tor mean giade equivalents, gains, and 
losses on the four longitudinal studies a^ tested by the 
Metropolitan Achievement lest Each longitudinal sec- 
fion lasted three years covering seventh, eighth, and ninth 
grade Only those students enrplled for the duration of the 
study were included I he first longitudinal study started 
m 1973 and concluded in 1*976 with 19 ninth graders (17 
\C\ 1 1 D. and I F MM student), the second study started 
in 1974 and concluded in ! 977 with 13 'ninth gradtrs (7 
\C. 5 I D. and I FMH student), the third study started in 
1975 and concluded in I978with 1 7 ninth graders( 10 NC, 
5 10.! \ M H, and I FI> student), and the fourth study- 
started in 1976 and concluded in 1979 with 18 ninth 
grades (10 NC 7 I I), and I EM H student) Table I also 
gives the percentage of students successfully returned 
during each longitudinal section to the traditional depart- 
mentalized mathematics classroom from the IMP 

See I able 2 tor mean attitudinal raw scores, gains, 
and losses on the four longitudinal studies as tested by the 
Revised Math Attitude Scale 

\ rorn I able I on a norm-referenced basis it can be 
concluded (I) Students gained an average of two aca- 
uemic years for every three years in the IMP (2; Mean 
year'y academic gains were relativelv stable during each 
longitudinal section I here was no substantial increase or 
decrease in the mean yearly gains as the duration of the 
IMP continued over a three year period (3) Summer 
losses and gains between seventh and eighth grade, and 
again between eighth and ninth grade were minimal rang- 
ing from a long-term retention loss of two months to an 
inexplicable gain of two months 

On a criterion-referenced basis it can be concluded 
( I ) Students were provided with needed arithmetic tas'ks 
at their own developmental level and were gjven the time 
necessary to master the skill Thus, students experienced 
academic slice :ss and received passing grades for units of 
curriculum completed at their developmental level of pcr- 
I or ma nee I! these students had remained in the tradi- 
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tional classroom and performance remained the same, 
thev would have received low D's and FY (2) Table I 
further indicates that from, the four longituamal sections 
percent, 36 percent, 33 percent, and 31 percent of the 
students rcspectivciv were successful!) returned to the 
traditional departmentah/ed mathematics classroom 

From Table 2 it can be concluded; { I) Mean yearly 
attitudinal raw scores were positive for each longitudinal 
section ranging from 62 to 74. The neutral point of the 
Revised Math Attitude Scale is a raw score of 60 
(2) Mean vearlv attitudinal raw scores were relativelv 
stable during each longitudinal section. There was no 
noticeable increasing or decreasing trend in the mean 
vearlv raw scores as the duration of the IMP extended 
over a three year period 

Results of the four longitudinal sections were possi- 
blv minimi/ed because approximate!) one third of the 
better performing students from each section were suc- 
ce^sfullv returned to the traditional departmentalized 
mathematics classroom and their prog r ess could not be 
included 

DISCUSSION 

Comparing results of the IMP with research bv 
Miller on indi\iduah/cd versus traditional instruction 
and Beck on school atutu""s reveals conflicting findings 
( 1 ) On a cr'tenon-refcrenced basis there was a significant 
difference in anthmc ? ic achievement between the individ- 
ualized and traditional approach Students in the IMP 
experienced success in arithmetic and these same students 
• n the past had experienced failure in the traditional 
dj .sroom (2) On a norm-r?ferenced basis, as the dura- 
tion of individualized instruction increased, the achieve- 
ment average did not decrease but remained stable 
Studuits in the IMP averaged seven months growth per 
veai (3) Attitudinal averages in the IMP wre positive 
and as the duration of the IMP increased the attitudinal 
averages did not deciease but remained stable. Therefore, 
it can he concluded that iow-achieving math student in 
junior high school can experience success, progress at a 
viable rat*:, and maintain a positive attitude if not m the 
traditional classroom at grade-level skills to which their 
chronological age has assigned them, then in a traditional 
classroom where their math skills have assigned them In 
summarv, these three conflicting points as indicated bv 
Miller provide more than minor support for individual- 
ized instruction benefiting math students of low ability 

IMPLICATIONS 

Whv does previous research on individualized in- 
struction not reveal more positive results when compared 
to (he traditional approach 7 A possible reason for this is 
that previous research dealt with only one v, liable 



method ot instruction Therefore, all other components 
were held constant including class size Glass and Smith 
(1978) present a convincing studv indicating that average 
student achievement increases as class size decreases In 
their achievement studv, it was shown that more than 
thirtv percentile ranks exist between the achievement of a 
pupil taught individual and a pupil taught in a class of 
40 The tvpical achievement of students in instructional 
groups of 15 and fewer is several percentile ranks above 
that of students in classes of 25 and 30 They also found 
that for ever) student bv which class size is reduced below 
20, the class's average achievement improves substan- 
tiallv more than for each student bv which class size is 
reduced between 30 and 20 In a more recent studv Glass 
and Smith (1979) extended their earlier work by examin- 
ing the relationship between class size and other outcome 
measures Their research concluded ( I )" Class size affects 
the quahtv ot the classroom environment. In a smaller 
class there are more opportunities to adapt learning pro- 
grams to the needs ol individuals (2) Class size affects 
pupils' attitude In smaller classes pupils have more 
interest in learning (3) Class size affects teachers In 
smaller classes their morale is better thev like their pupils 
better, have time to plan and diversifv, and are more 
satisfied with tneir performance 

U the research had compared the usual student- 
teacher ratio (20 I and more) in the traditional approach 
with a smaller student-teacher ratio in the individualized 
approach (20 1 and less), then both methods could have 
performed as designed and a more accurate assessment 
could have been made I he traditional method entails 
group institution with less personal student contact and 
the ind iv id u:iVu^d- method involves individual instruction 
with more personal student contact Individualized in- 
struction is the concept but, a smaller class size is the 
means bv whirh the concept can be implemented to its 
fullest expectations }f research had differentiated class 
size based upon the method of instruction, then individu- 
alized instruction might have paralleled thedata collected 
in the IMP 

Further research needs to be conducted in the area of 
class size versus method of instruction A possible disad- 
vantage of the individualized approach is that one cannot 
teach as manv students at one time A distinct advantage 
of the individualized approach is that it is designed to 
work with* each individual student on different skills 
depending upon need, until their master) and regardless 
oi the time required This mav be a possible reason why 
Miller found minor support for individualized instruction 
with students of low abilitv 

In order to increase academic gams in the IM P ul the 
future, it is recommended that the amount of student- 
teacher contact time be increased bv (I) decreasing the 
number of students or (2) hiring a qualified teacher aide 
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4. NONMATHEMATICAL DIAGNOSTIC 
VARIABLES 



by Torn Denmark 

This chapter should serve as a catalyst m helping the mathematics teacher find 
the factors that cause learning difficulties. It offers the educator a number of 
instructional techniques for children who have problems in dysgfaphia, aphasia, 
auditory perception, perseveration, overloading, and overat tent ion. The author is 
Professor of Mathematics Education at Florida State University, Tallahassee. 



> 

Many students who have one or fnore learning dis- 
abilities experience considerable frustration in their efforts 
to acquire essential mathematical concepts and skills. In 
many cjases a student's difficulty in learning mathematics 
can be Attributed to mathematical factors such as deficien- 
cies wit\i pretequisite concepts and skills, misconceptions 
about trie meaning of definitions or symbolism, the con- 
tinued utikratton of inefficient algorithms, and the inabil- 
ity to transfer acquired concepts and skills to different 
problems. A students deficiencies with strictly mathemat- 
ical variables are, in some cases, further compounded by 
affective factors such as lack motivation and poor 
self-concept Both mathematical and affective variables 
must be considered in the process of diagnosing students' 
difficulties in learning mathematics. In addition, for stu-< 
dents with a specific learning disability, the diagnostic 
process should assess the effects that the specific learning 
disability has on the learning of mathematical concepts 
and skills. The purposes of this chapter are ( I ) to discuss 
how certain specific learning disabilities might have a 
negafve effect on the learning of mathematics and (2) to 
suggest instructional techniques which could assist a stu- 
dent in his or her efforts to learn mathematics 

DYSGRAPHIA 

Students who have acquired the skill of copying 
_^mathematicai symbols (numerals, operational and rela- 
tional signs) and are unable to write the.se symbols spon- 
taneously in the context of completing a written assign- 
ment mayjjave a dy^graphia prdblerr> For example, it is 
sometimes quite evident that a student has memorized a 
basic fact, but the student will spend 10 seconds or more . 
thinking about how to write the answer. Taken individu- 
ally, these slight delays in providing a written response 
usually do not have an adverse effect on the student s 
performance, but, cumulatively, the small delays can pre- 
vent the student from completing an assignment, espe- 
cially a timed exercise. Thus, the student can be easily 
discouraged in his or her efforts to demonstrate profi- 
ciency in performing mathematical tasks. In other cases a 



dysgraphic student may know the correct answer to a 
problem, but the > itten response is incorrect because of 
an omitted symbol, for example, 347 is written as 34, 
3+4=7 is written as 347, or tenths is written as ten. Also, 
the apparent error might be the result of reversing the 
order of the symbols, for example, 243 is writtenas 234, or 
3+4=7 is written as 34+=7, or the misformation of a sym- 
bol, for examp!e..3+4=7 is written as 3*4=7. 

When working with a dysgraphic student, as is the 
case with any student with a specific learning disability, 
the teacher's initial efforts should be directed toward 
maximizing the chances of the student successfully com- 
pleting a task. Thus, exercises which require a written 
response should initially be kept to a mmlmum. This can 
be done by modifying conventional exercises to multiple- 
choice questions so that the student will only have to use a 
convenient symbol to mark the correct answer. Alter- 
nately, the student may be allowed to use plastic or card- 
board symbols to construct the answers. 

APHASIA 

One characteristic of aphasic students is that they 
have considerable difficulty in expressing themselves 
orally They may be very slow in answering p question, 
especially if a complete sentence is the expected response. 
Or their responses may be incorrect or nonsensical state- 
ments which reflect the inadvertent substitution of one 
term for a related one. For example, rather than saying 
that 8 and 1 2 are multiples of 4. the response might be tHat 
8 and 1 2 are factors of 4 or that 8 and 1 2 afe multiply of 4. 
In any case a students responses convey an impression to 
the teacher, the other students, and the student as well 
that the student does not understand. Moreover, an 
aphasic student may be hesitant to ask questions during 
the explanation phase of a lesson Thus, the student enters 
the practice phase of the lesson with an incomplete under- 
standing of the concept or process, and thereby may 
practice or even perfect faulty procedures w hich must be 
unlearned and which can confound the learning of other 
topics. 
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One method of minimizing oral communication 
problems is through the use of a nonverbal demonstration 
technique It is not necessary for the teacher to speak 
even to present the problem Rather, a problem is pre- 
sented, the solution is demonstrated, and then a similar 
problem is given to the students After a student writes a 
solution to a problem or completes one step of a muhistep 
solution, a smile from the 'eacher c?n mean a correct 
response or a shake of the head can indicate that the 
response was not correct and that someone else shou'd 
offer a response Gestures are an effective wav of mur - 
ing whether the response is close to being right or if it is 
really off target After correct responses have been given 
to several problems, then the teacher can offer an bra! 
explanation The advantage of this technique is that the 
students have a basis for interpreting the oral explanation 
of the concept or process. Questions asked duringan o\a\ 
explanation should initially require only a one-or two- 
word response, and students should be given practice 
exercises in which they are asked specific questions like 
those that could be asked in the context of an oral expla- 
nation. For example, a question like, "Two-thirds a..d 

one-half arc — v% Or, the 4ion may be multiple 

choice, if the students are unable to give a free rrspon* e 



AUDITORjY PERCEPTION 

Many students j/c unable to distinguish betwee 
similar-sounding wdfds or phrases hor example, a stu- 
dent may not hear »hc difference between "ten" and 
"tenth " Failing to perceive this distinction, a student ir.a\ 
wonder why the decimal place immediately to the right of 
the decimal point and the second place to oic left of the 
decimal point have the same name Or, the confusion 
between ten and tenth could be the explanation of v;h : 
some students say. "236 27 rounded to the nearest tenth is 
240 M There are numerous pairs of sound-alike tern.;, in 
mathematics, for example, odd and add, divide and div- 
isor Not beingable to distinguish between the pronuncia- 
tions of these words is one reason why some stud.r.ts 
don't understand the meanings of certain questions and 
explanations Since most mathematics instruction is pres- 
ented in an oral mode, it is essential that students ade- 
quately develop their auditory perception 

One of the more common ei rors in subtraction is lor 
the student to avoid regrouping steps by simply alwavs 
subtracting the smaller number from the larger number, 
for example, 54-26-32 Students who make this error 
frequently do not hear the difference between "4 take 
away 6" and "4 taken away from 6." When students learn 
to distinguish between pVascs of this tvpe. thev frc 
quently recogni/c the need for the regrouping step and no 



longer make this common subtraction error One tech- 
nique for helping students to develop their abilities to 
distinguish between similar sounding words and phrases 
is to conduct and oral drill, where the teadicr says a word 
or phrase and then asks a student to repeat what the 
teacher said A variation of this drill is to have the student 
sav a word or phrase, and then the teacher repeats the 
student's statement The teacher should sometimes sub- 
stitute an incorrect word, for example, "multiply*!* for 
"multiplier." and the student then deck, *s whether or not 
the teacher «s correct At first only simple w >rds or short 
phrases should be used in these exercises, then later the 
words and phrases should be incorporated into complete 
sentences Other types of discrimination exetcises which 
involve both auditory and visual skills should be used 
with students who have problems in auditorv perception 
For example, the students are given a written list of paired 
terms I he teacher says one of the terms in each pair, and 
the students mark that term on their papers 

PERSEVERATION 

Some errors that students make are the resiflt of the 
continuance ot a certain behavior to an exceptional 
degree or bevond a desired point I his is called persevera- 
tion For example, when asked to show a set of six blocks 
the student begins counting and fails tjo stop at six The 
rcsuk - a set with more than six blocks In certain cases, 
this behav'.'t is the cxpli nation for incorrect answers to 
addition and subtraction problems Perseveration is also 
the reason why some students count a set of tensand ones 
as alLtens Once thev begin counting by tens, they seem to 
be unable to switch from counting by tens to counting by 
ones Another example of perseveration is the way stu- 
dents write certain numerals, for example, 33 written 3S 
3333 Problem exercises which contain more than one 
operation are likely to foster perseveration For example, 
if the first four items aic addition problems and the next 
four items are subtraction problems, there is a tendency 
for manv students to treat some of the subtraction prob- 
lems as addition problems There arc several explanations 
for this particular behavior, one of which is that some 
students tend to pcrscverate an action once it is begun. 

One method for helping a student learn to control a 
tendency toward perseveration is to encourage the stu- 
dent to slow down the rate of work Fneouragc the stu- 
dent to stop after each step and think about what to do 
next Anothei technique involves drill exercises in which 
the student is required frequently to switch from one 
response to another Such exercises may require the stu- 
dent only to read or write a sequence of symbols, or the 
exercises may involve several operations arranged in a 
random order 
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OVERLOADING 

In many instructional settings students are required 
to assimilate stimuli received through two or more senses 
I he most common format for presenting a mathematical 
lesson is to utilize some form ol graphics, such as a 
blackboard or textbook, supplemented by an oral expla- 
nation In these situations the student must assimilate 
both visual and auditor) stimuli Thus, if the studepMs 
unable to assimilate the stimuh simultaneouslyiTTrmboth 
sources, it is unhkeU that the student will comprehend the 
presentation Similarly, it a student is required to utilize 
two or more senses to demonstrate his or her performance 
on a given task, for example, to read a problem aloud 
before solving the problem, a valid assessment of the 
students ability to perform the task may not be obtained 

Situations requiring the integration of stimuh from 
more than one source cannot be entirely avoided in the 
day-to-day teaching of mathematics. However, if it 
appears that the interaction ol stimuli from various senses 
is having a negative effect on a studenfs pciformance, 
then the instructional procedures should be modified so 
that the student is required to attend to only one source of 
stimulus at a tyne For example, rather than requiring a 
student to read a graphics display while listening to an 
oral explanation, allow* the student sufficient time to read 
the graphics and then provide the accompanying oral 
explanations 

OVER ATTENTION 

When a complex graphics displav is used in the 
presentation of a mathematical topic, some students will 
fix tht l ir attention on a specific lea Hire of the displav For 
example, a common method of constructing a diagram to 
illustrate that one-half is equivalent to two-fourths is to 
divioe a figure, for example, a square, into halves b\ t 
whd line and to use a broken line to divide each hall It a 
student's attention is focused on cither the solid or broken 
lines, or on the figure itself, then statements relating to the 
partitioning of the figure into two or lour parts will not be 
understood by the student Consequently, this graphics 
displav is not an effective aid for illustrating the relation- 
ship between the two fractions A fixation on certain 



features of a displav that results in mathematical error 
also occurs in the presentation of problems For example, 
in the problem 3+34, a student's attention can be fixec 
onlv on the numbers, that is, the student docs not see the 
operation sign Reali/ing that there is a problem to be 
solved and not seeing the operation sign, the student is 
likely to rely on arf arbitrary rule lor determining the 
operation For example, if there is a large number and a 
small number, you multiply In this way, the student's 
answer would be 102 I he use of arbitrarv rules fordetcr- 
mimng the operation is frequently the explanation for 
wrong answers, which would b - correct for a not her prob- 
lem involving the same numbers 

One technique for lessening the effects of overatten- 
tion on a specific feature of a displav is to emphasize the 
various aspects of the displav by means of different colors 
or shadings hor example, in the displav ofcomputaMonal 
problems one color could be used for numerals and 
another color for the operation sign. Another technique is 
to present a displav and have the students identify various 
features of the displav In the case of the diagram for 
showing the relationship between one-half and two- 
fourths, have the students identify at least the following 
details an outline of a square, a solid line through the 
center of the square, a broken line w hich cuts the solid line 
in halt s \o assist students in identify. ng a specific feature 
ol a displav. a second displav without t he feature can be 
shown The task would be io eoi ipan* the two displays, 
that is. point out both similarities and differences 



CONCLUSION 

Due to the brevity of this chapter it is not possible to 
discuss each and every specific learning disability 
Dyslexia and visual perception, for example, have not 
been discussed Nor, is* it possible to provide a compre- 
hensive coverage of how each specific learning disability 
could affect the learnin^of divers mathematical concepts 
and skills Rather, the primary objective here is to provide 
a catalyst for encouraging tcacheis of handicapped stu- 
dents to consider a broader spectrum of factors which 
could affect their students' acquisition of mathematical 
concepts and skills 
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5. MATHEMATICS MEANS MANIPULATIVES: 
TEACHING NUMBER CONCEPTS TO YOUNG 
LEARNING-DISABLED CHILDREN 

by Mary M. Myers 

Man M, \1\ers presents a number of manipulative activities for young 
learning-disabled children. After trying these ideas, your whole class will enjoy 
doing the lessons, not only the handicapped youngsters. The author teaches 
Itwmng-disahled [language-delayed students in the bairfax County. Virginia, 
puntu schools ^ 



In order to gain a conc?pt of numbers;and discover 
relationships among numbers, specifically numbers zero 
through twelve in this chapter, a child needs to explore a 
variety of manipulatives in a variety of experiences. The 
activities described in this chapter advocate a concrete 
approach for teaching quantity understanding to the 
young handicapped child in the regular classroom 

Structured activities are grouped sequentially into 
the following subgroups: one-to-one correspondence, 
counting, introducing number symbols, ^nd number- 
symbol association Several activities, all on the concrete 
level, are suggested for each subgroup. Some of the 
manipulatives and materials, for instance, e^g cartons, 
are included in cach^ubgroup with some modifications to 
show the sequential steps in learning .number concepts. 
New manipulatives and materials art also included in 
each subgroup to maintain interest 

l,i addition to the primary objective of teaching 
number concepts, theactivitics provide other benefits All 
are easv to make using common household or school 
objects. Most all the activities build fine motor and visual- 
motor skills since ttjey require pincer grasp and eye-hand 
coordination. The activities also touch on other math 
concepts such as patterns, volume, sets, money, shapes, 
space, and classifying. Many of the activities can be com 
pleted independently once the child learns how to "play" 
with the manipulatives involved. Finally, because the 
activities use manipulatives, exploration, and movement, 
they art intrinsically motivating. 

One-to-One Correspondence 

One-to-one correspondence is the concept that in 
given sets, one member from one set can be paired with 
one member from another. Such matching allows a child 
to discover if the sets have equivalent amounts. Matching 
is easier when the sets are equivalent and when the 
members are concrete. Thus one-to-one activities should 
start on thi« level. Gradually the child can learn to pair 
more abstract members from nonequivalent sets. 



/. Cups and Straws 

Materials Eqdft number of paper cups and 
straws f 

Procedure The teacher puts cups and straws 
on the table and asks the child if 
there is a cup tor each straw The 
teacher then asks the child to show 
how he or she knows The teacher 
mav have to prompt, "Does this 
cup have a straw 1 Show me " or 
"(me each cup a >>traw " 

Variation The teacher puts an unequal num- 
ber of cups and straws on the 
tabic. The teacher asks if each cup 
has a straw and for the child to 
show an answer. The teacher then 
asks if there arc more cups or 
straws 



2. Attribute Blocks 

Matenals Attribute, color, or shape blocks 
Construction paper 

Procedure The teacher holds up a block and 
asks the cljild its shape, color, and 
si/e. Upon response, the teacher 
gives another child a block. The 
teacher goel around the ible until 
each child 1ias an equal number of 
each type of block, for example, 
three triangles, three circles, and 
three squares. 

The teacher then gives each 
child a sheet of construction 
paper. The teacher tells each child 
to put two types of blocks on 
paper, forexamplc "Put the trian- 
gles and the circles on your paper." 
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The teacher asks if each circle 
has a triangle and to show the 
answer 



Procedure The teacher tells the child to give 
each egg section a Mock 

Materials . 13 cardboard egg cartons intact 
Magic marker 
Cube blocks 

Procedure The teacher draws one dot on the 
bottom of egg sections to show 
sets "zero" to "twelve " 




Variation The teacher distributes unequal 
numbers of each type of block 
The child pairs designated blocks 
and indicates that there is not an 
equal matching. 



The teacher asks the child to show 
that there is a block for each dot, 
demonstrating a one-to-one cor- 
respondence to twelve 
Variation With markers, the teacher makes 
sets of dots different colors, for 
example, set one with red, set two 
with green, set three with blue, etc. 
The child must match color as well/ 
as number, for example, three blue 
blocks on the three blue dots. By 
co'or coding, blocks may not 
match up to the dots allowing the 
chvld to recogni/e tnequivalent 
sets. 
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4. Clothespin Wheels 
Materials 



Procedure 
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Fileven tagboard or cardboard cir- 
cles five inches in diameter 
Magic marker 
Can of 55 clothespins 
The teacher draws lines around 
the edge of eacl circle to make sets 
"/ero" to "ten 



i. Egg Cartons 

a Materials Egg cartom cut apart to show sec- 
tions one to twelve 
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Seventy cube blocks in large box 



Variation 



I he teacher asks the child if there 
is one clothespin for each "spoke" 
and to show a response. 
The teacher provides approxi- 
mately 55 clothespins. 
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5. Blocks and Pictures 

Materials Box of cube blocks or poker chips 
Picture counting cards (five-by- 
eight inches) 
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Procedure The teacher places cards face 
down in a pile on the table. The 
child picks a card and puts one 
block on each picture to show one- 
to-one correspondence 

Counting Objects 

Rational counting involves the .nation of numerals 
in correct sequence as well as the assignment of each 
number to an object or motion, that is, a pairing of the 
number word with an object or motion. 

/. Objects in One- to- One Correspondence. 
The teacher can encourage the child to count objects after 
completing one-to-one correspondence activities. The 
child counts straws, cups, attribute blocks, cube bloc s, 
clothespins after pairing the objects 

2. Grab Bag 



chips. 



Materials Paper or cloth bag 

Small counters, blocks 
buttons 
Paper cups 

Procedure The teacher puts counters in the 
bag and gives each child a paper 
cup The child leaches into the bag 
with one hand and grabs as many 
counters as possible. The chil 
puts the objects on the table an 
counts them. If correct, the child 
recounts objects into the cup 
Continue until each child has a full 
cup. 

3. Attribute Blocks 

Materials Blocks colored, shapes, or multi- 
attribute 
Pie tins 



Procedure The teacher dumps blocks in cen- 
ter of tabic and gives each child a 
pie tin The teacher then tells each 
tSld to look for a specific type of 
block or tells all the children to 
look for one type of block, for 
example, "When I say *go* put all 
of the circles in your pie tin." On 
signal.^ach child puts specified 
blocks, one at a time, in ihe tin. 
After each child has founaali the 
specified blocks, he or she takes a 
turn counting the blocks by re- 
moving them one at a time from 
the tin If correct, the child 
recounts the blocks back into the 
mam pile Play until each child 
finds each type of block 



4, Mwsterv Cartons 

Materials Egg cartons 

Box of counters, blocks, chips 

Procedure The teacher tells the children to 
put their heads down and hide 
their eyes While their heads are 
down, the teacher puts some coun- 
ters into each carton, one per egg 
section The teacher then closes 
the lidsand tells the children to put 
their heads up Each child picks a 
carton, the teacher may provide 
different colored cartons so that 
each child has to request a color. 
The first child opens a carton and 
counts the objects If done cor- 
rectly the child recounts the ob- 
jects back into box After the first 
round, the teacher may let another 
child hide the blocks in each 
carton 

Variation The teacher lets the children watch 
as the teachor puts counters into 
each carton. Ihe children may 
count with the teacher while put- 
• ting objects in cartons. The teacher 
closes the lids. Each child then 
picks an egg carton, and the 
teacher asks the child to guess how 
many objects are in the carton. 
The child then opens the carton 
and counts the objects to verify 
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5. Making Ones, Twos, Threes.. 



Materials 



Procedure 



Five-by-eight inch index cards 
Counters parquetry shapes, cube 
blocks, unilex cubes, etc. 
The teacher spreads out several 
index cards'bn the table and puts 
out a box of one tvpe of counters. 
The teacher tells the child to show 
different *avs of making a num- 
ber by putting that many objects 
on each card The child counts out 
that number on each card Some 
examples are 



Making ones 




Variation Trie child makes quantities with 
pegs on pegboards. For example, 
the teacher tells the child to show 
different wa\s of making "four M 




Introducing Number Symbols 

Number svmbols should be introduced in connection 
with the concept of the number 

/. One-to-One Correspondence and Count- 
ing Activities. After the children have explored with 
these activities, tbe teacher can introduce the number 
symbols to those activities 

a Egg Cartons 1 he teacher writes the number symbol 
on the inside lid of each carton to correspond with the 
number of dots 



Making twos 




b Clothespin Wheels The teacher wutes number 
symbols m the center of the wheel to correspond with the 
number of lines. 



Making threes 
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The teacher entourages different 
patterns and may have another 
child check by counting the ob- 
jects on the cards. 



e Blocks and Pictures 1 he teacher wntc> the number 
symbol in the corWr of each card to correspond with the 
number of pictures 
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d Making Ones. Twos, Threes After telling the 
child to count to^a certain number on the cards, the 
teacher puts that nfimber symbol On the table or on each 
card ;; ' 
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2. Number Grids 
Material', 
Procedure 



Number grids made from tagboard 
Box of counters cube blocks 
The teacher makes number grids 
(one to ten). 























1 


2 


3 


4 


5 


6 


1 


6 


9 


10 



The teacher puts a grid and blocks 
on table and tells the child to put a 
block in each box while counting 
the blocks. The teacher shows the 
child where to start After the 
blocks are on the grid, the teacher 
tells the child to recount the blocks 
from left to right with a finger. 

Number-Symbol Association 

Number-symbol association is the association of the 
quantity of items in a set with the corresponding number 
symbol. The skill of number-symbol association can be 
shown in two ways: (I) given the number symbol, the 
child produces that number of objects, and (2) given a set 
of objects, the child produces or points to the number 
symbol. 

/. Number Cups 

Materials Paper or plastic cups (stackable) 
Magic marker 

Box of small counters: colorchips, 
inch 4 blocks 



Procedure With magic marker, the teacher 
w rites one number s\ nibol on each 
cup 
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The teacher stacks the^cups and 
puts them and the counters on a 
table The first child picks the top 
cup, reads the number symbol, 
and counts that number of objects 
into the cup lo check, the next 
child empties the cup and recounts 
the objects I hen that child picks 
the next cup In this way. continue 
until -all cups have been filled 
Once the child learns how to play, 
child can f.il cups independently 
lhe teachei or another child can 
check 



2. Roll the Die 

Materials Die \uth number symbols 

Box of counters attribute blocks. 

cube blocks, etc 

Sheet of construction paper 

Procedure The teacher puts counters on the 
table and gi\es the first child con- 
struction paper and a die. Child 
shakes the die and drops it on the 
paper Child reads number on the 
die. Child counts out that number 
of objects onto lhe paper Child 
recounts the objects with a finger 
to double-check a response If cor- 
rect, the child keeps the counters 
and passes the paper and die to the 
next child 
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Variation 
Materials 

Procedure 



Continue in sume manner with 
other children until counters are 
all distributed. 

When the game is over, the teacher 
can collect blocks by attributes, 
for evample "Give me all the red 
blocks, M or "Give me all the 
squares * Or the teacher can let 
children build with the blocks bt- x 
fore letting them put the blocks 
away in designated slots 
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Dice with dots (the teacher makes 
large dice with sandpaper dots) 
Number symbol cards 
The child roles dice with dots and 
counts thr number of dots on the 
dice The child selects that number 
symbol card from table In this 
v,a>. play until all number symbol 
cards ha\e been taken 



3. Egg Cartons 



Mate, laK 



Procedure 



13 cardboard egg cartons 
I arge box of cube blocks 
Magic marker 

The teacher writes a number sym- 
bol C(T to "12**) on the inside of 
each egg carton lid. The teacher 
stacks the cartons and put them 
and the blocks on table. Child 
picks top carton, reads number 
symbol, and puts that many blocks 
in the carton (one per egg section) 
In this way. continue until all cat- 
tons are completed. 



Once a child learns how to play, 
the child can complete cartons 
independently Another child or 
teacher can check 



4. Clothespin Wheels 
Materials 



Procedure 



5. Store 
Materials 



Procedure 



1 1 tagboard circles, five inches in 
diameter 
Magic marker 
Clothespins 

The teacher writes a number sym- 
bol in the center of each circle. 
The child places that many clothes- 
pins on each wheel. 



Pictures of food or empty food 

containers 

Magic marker 

Box of play pennesor poker chips 
With marker, the teacher writes 
one number symbol on the back of 
each food item The teacher dis- 
plays food items on table. The first 
"customer" requests food, turns it 
over, reads number symbol, and 
gives the teacher that number of 
pennies or chips If correct, the 
child keeps food item Continue 
until all food is gone 



6 Pegboards 
Materials 



Procedure 



Pegboards 
Pegs 

Ma^ic marker 

The teacher writes one number 
symbol on each pegboard or one 
number symbol Ly each row on 
pegboard The child places that 
many pegs into holes 
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6. TEACHING MATHEMATICS TO VISUALLY 
HANDICAPPED STUDENTS 

by Elizabeth Thompson Binstock 

Elizabeth Thompson Binstock offers excellent hints for working with the 
visually handuapped child. She has observed that the blind or partially sighted 
child needs extra time to deal with problems, lots of manipulative materials, and a 
well-ordered environment. The author is Associate Professor for Special Education 
and Management at Lesley College in Cambridge, Massachusetts. 



A wide range of children come under the heading 
"visual!) handicapped " For instance, there are children 
with some limited central sight, children who can see only 
out of the corners of their eyes, children who one saw but 
now are blind, and children who have never seen. These 
variations can be confysing for a classroom teacher trying 
to plan math lessons for a child with visual problems. In 
this chapter, therefore, I will first focus on general plan- 
ning for any child with limited sight. I will then make 
some specific suggestions for dealing with diffcient types 
of visual Ifmitations. 

GENERAL SUGGESTIONS FOR 
TEACHING MATH TO ANY VISUALLY 
IMPAIRED CHILDREN 

There are some general rules of thumb which are 
helpful to keep in mind when planning for any child wjth a 
vision problem. First, a very careful check should be 
made of the child's real understanding of various con- 
cepts, such as over, under, inside, length, triangle,. One of 
the pitfalls in teaching blind or partially sighted children 
is that they can be very verbal and use words approp- 
riately without having a real grasp,of their true meaning 
Therefore; it is important to supply the student with many 
concrete experiences which can help build concepts. For 
instance, playing with clay can help the child understand 
about i**Je, ball and long. Manipulates, such as 
Dienes blocks, attribute blocks, geoboards, unifix cubes, 
and Cuisenaire rods, are useful to the whole class without 
modifications. Braille labels can be added to other mani- 
pulatives, such as balances-or chip trading activities. In 
addition, there are specific concrete materials which are 
useful for visually handicapped students. For instance, 
abacuses can make handy counting frames, and there are 
small portable ones distributed by places iike the Ho\&e 
Press at Perkins School for the Blind in Watertown. 
Massachusetts. Braille yardsticks and similar materials 
can also be ordered from places specializing in meeting 
the needs ol blind people. 



A second rule of thumb is that directions should be 
given verbally and ckar!y,and repeated as often as neces- 
sary. They should also be given in writing either in 
Braille or large type, whichever the child' uses. And, 
thirdly, it is important that the child can feel secure in 
knowing that the environment is firmly in place and won't 
' be moved alound unexpectedly. In the larger sense of the 
physical environment, th;s means that it's wise not to keep , 
changing the location of the furniture. All the same^he 
child should be given^a scat which has clear marks for 
getting there a wall, or a strip of carpet, for instance. In 
terms of the math environment, it means that materials 
should be easy to locate, pleasant to touch, and unlikely 
to go rolling across.the room if a table on which they sit is 
bumped into 

TEACHING THE BASIC OPERATIONS 

As I have already indicated, teaching strategies, both 
formal and informal, should rely heavily on mamnula- 
tives. Addition and subtraction, for instance, can be 
taught by using a strip of wood 01 pegboard which has 
dowels glued into the holes a! equa* ntcrvals, forming a 
single row Be sure to leave plenty of space between the 
pegs and have handy a supply of washers which will slide 
over the pegs For an addition problem, like "5 + 6," the 
student can be asked to put five washers on the first five 
pegs, and then to put six more Washers on the next six 
pegs. The total can then be counted For the problem "1 4-6," 
the student can put fourteen washers on the pegsand then 
remove sixWcedless to say, this approach works : best for 
the addition and subtraction of small numbers 

For larger acdition and subtraction problems, a rec- 
tangular board, divided intotwocolumnsand three rows, 
is more helpful In this case, the top row can be used to 
represent the top line in an addition problem. Metal 
washers are used O represent the "tens" and rubber 
washers represent "ones " Thus, if the problem is "43 - 
21 the top row is set up with four large metal washers in 
the upper left-hand corner, representing the *nens" place. 
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and three smaller hard rubber washers in the upper right- 
hand corner, representing the "oiu>*" place I'nderneath 
the "4," in the second urn, will be two Luge metal 
washers, underneath the "1 " in the second low, will be 
one hard rubber washei 1 he child then pioeeeds to till in 
the answer on the bottom line, whith may be m irked oil 
from the two top lines b\ a strip ot masking tape 

Fhe advantage ot having different sized washers is 
th.it there is a continual rehunder ot place value When it 
becomes necessary to borrow from the'"tens'Yolumn. the 
student can change a large washer lor 10 smaller ones, 
which then can be piled onto the "ones" peg 

Multiplication and division problems require larger 
boards, with more rows and eolumrs For these opera- 
tions, it mav be wise to number the rows and eolumnsin 
Braille by using rounded nail heads, starting with the 
upper left-hand eorper as row !, column I For multipli- 
cation, the child is asked to make three rows, with torn 
rubber washers in each row, and then to decide on an 
answer bv counting the total number of washers In this 
case, there is only one washer per peg \ or division, the 
child is asked to divide twelve washers evenly between 
four rows Again, onlv washer per peg 

Another manipulative whtch is usetul when teaching 
multiplication or division is a nlastie egg carton ^ ou can 
either use the bottom ot the whole carton or cut the 
bottom into smaller units three cups, lour cups, si\ 
cups, and so on Dried beans can serve as your counters 
and be distributed equally into the egg cups hor multipli- 
cation you can have the child place three beans in each ot 
tour tups and count them, foi division vou can give the 
child si\ beans and ask that she or he place the same 
number of beans in each of three cups with none left over 
Both this exeicise and the pegboard exercise desenbed 
earlier are helpful a* a way to encourage students to 
stuggle with the concepts and keep track of the numbers 
Once the students understand the technique, they are 
likely to evolve their own system^ for keeping track ot 
information 



THE PAR I IALI V SIGHTED CHILD 

It has been my experience that some partially sighted 
children are highly dependent on their sight for informa- 
tion, while others are much less hkelv to re 1 v on it as a 
primary sense If your student bends down to the paper or 
manipulativcs. notices colors, likes to paint, seems to 
strain in order to see what is going on. then vou probably 
are dealing with a visual learner and should provide 
appropriate activities Place the child clo.se toanv demon- 
stration area and the board, and provide printed exam- 
ples of math written large as well* as visually clear 
mampulatives I hen stand back and assess your results 
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I he visual leaineis are hkelv to be iclievcd that vou are 
acknowledging the importance of sight to them, and they 
often rise to the opportunity 

If the student is not a visual learner, vou should rely 
heavily onauditoiy and taetilevlues, using the techniques 
which have been mentioned earlier as well as the ones 
which I will talk about in the f ollow Midsections I hething 
to remember with a partially sighted child is that some 
for ni of sight is available as an add uional checking mech- 
anism and that limited pieces of information about fhe' 
visual^orld are available Do not, however, make * u * 
mistake of assuming that moie is accessible than act- 
is Making sense out of the world at a distance is verv \ \ 
lor a visually handicapped child, most 
understood comes from very close examp.. 

THE TOTALLY BLIND CHILD, BLIND 
FROM BIRTH ^ 

The Problem. A child who has never seen anything has 
a verv different sense ot the world from someone who ha- 
learned through looking Information has come in as bits 
and pieces. learned through the eats or fingertips I his 
means that blind children will be likely to have a much 
more fiagmented sense of groups and number^ and how 
they relate to each other than sighted children The con- 
versation of these children may mislead you into thinking 
that thev know moa than they actually do. tor they often 
have learned the correct woid^ for tilings like square, 
under, oi addition without having a concrete sense of 
what it is I heset hilaienaie the ones most hkelv to have a 
lack of basic concepts 

Strategies to Addre.ss the Problem It is a particu- 
larly good idea to give the child blind horn birth many 
opportunities to handle objects while exploring math 
concepts Sorting like objects into groups is one useful 
appioaeh Where possible it helps to make use of real-life 
activities soi ting candies for a party, dealing out Braille- 
parked cards for a math card game, counting out sheets 
of paper tor groups who are working together, and count- 
ing out food pellets font he gerhils These could be used as 
v either multiplication or division exercises Foi example 
"How many straws will we need if wc give iw o straws each 
to 15 students''" or "We have 10 candies and 5 students 
How many can each person have'" Handling lots of 
shapes which are all triangles oi .juares isanother way to 
help the child generalize from specific examples 

THE I 01 ALLY BLIND CHILD, WHO 
ONCE HAD SIGHT 

I he totally blind child, who did not lose sight until 
after the age of three or four, is likely to i eta in some 




fragmentary sense of the sighted world and of how things 
in the world relate to each other The older the child was 
before becoming blind, ot course, the more the prt u>us 
experience will be to call upon He or she ma> have a 
much better grasp of concepts like length, group, under, 
beside than the child who has never seen It is crucial to 
figure out some informal ways of determining whether the 
child understands these words. If you ask the child to 
place something under the chair, you should ask yourself 
whether any failure is due to groping around or a lack of 
understanding It is, therefore, wise to devise a number of 
informal tests over time, so that you can get an accurate 
profile of the gaps in the child's insights 



SUMMARY 

I he central points to keep in mind when teaching \tsii- 
allv handicapped children are 

• Don't be misled b\ their verbal tiucruA into assuming 
the;, understand things thev are. in tact, unclear about 

• (iive them manv opportunies to test their environment 

• Give them lots of manipuiatives to v\ork with 

• (jive them a well-ordered setting 

• (iive them time enough to wrestle with an 4 v concept- 
thev are learning 
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7. TIPS: TECHNIQUES IN PLANNING 

FOR HANDICAPPED STUDENTS 
IN REGULAR CLASS MATHEMATICS 



by Carol A. Thornton 

In all of her lei lures and writings. Carol A Thornton takes the c ommon sense 
appr yach She fully realizes that the teacher \s planning time is at a minimum and, 
therefor*, gives tips that are simple and financially within the reach of every 
classroom teac her The author is an Assoc late Professor of Mathematu s at Illinois 
State l'ntverstt\, Sormal 



T\r»icai!\, handicapped students are more like than 
dtffereni -om their peers #Vhat they really need m regu- 
lar das> mathematics sessions is mathematics teaching at 
its ver\ best The teacher's knowledge of and sensitivity to 
any handicapping condition will help determine neces- 
sary instructional adaptations 

If a child has a Leanng loss, for example, teachers 
would check for eye contact before saying anything of 
importance Kc words or assignments would be written 
as spoken, preferably on an overhead if the child cap. 
speechread These students, like those wfth auditory pei- 
ception or memcry difficulties, need high visual and 
kinesthetic stimuli Others, including those with visual 
impairments and visual perception or memory difficul- 
ties, may requin color coding ana ext. a auditorv- 
kinesthetic re infoi cement 

Often only a slight modification of an activity or assign- 
ment »s necessary to make it appropriate for students 
using a lepbcv.rd » r wheelchair desk At times it may be 
necessarv to limit the number of written problems to 
make an assignment reasonable fur some physically h - 
dicappeo or learning disabled students. Vile careful 
sequencing, small step si/e, and provision for overlearn- 
ing are important for all students, these approaches are 
necessary for children with learning difficulties 

Vithout a lot of extr* time and planning, regular 
clas* teachers can do much to adapt mathematics instruc- 
tion to meet special needs. Specifically, the following 
TIPS may he'lp These suggestions include some of the 
more effective ways of meeting the needs of handicapped 
students in the mainstream. The examples given should 
serve as prototypes for applying the techniques to other 
content topics 



lUe Visuals and Manipulative* to Illustrate 
New and Important Ideas 



Handicapped children, like their peers m regular 
class mathematics, are basicalK cc ncrete in their think- 
ing Asa general rule, the use of simple or fa miliar objects 
to illustrate facts and ideas wiltpromote both understand- 
ing and retention 

Example !: Ise familiar objects to portray cer- 
tain basic facts 
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Example 2: l\e stacks of ten and single popsicle 
sticks to illustrate renaming m 2-digit computation 
Children with motor difficulties or vision impairments 
mav find it difficult to band the bundles of tens Chips ol 
one color mav be preferred l()-stacks (glued together) 
and extra singles 

In whole number addition, just two big ideas prevail 

• add like units 

• when there are too man\ of some unit to write in 
one position, a "10 for 1" uade must be made 
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Example j: I'se graph paper squares, strips and 
hundredths to illustrate decimal subtraction 
Again, there are just two big ideas 

• Subtract like units 

• It there are not enough of some unit to do the 
subttaction. a **i for 10" trade must be made 
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Example 4: Shade graph paper with 100 squares 
to help m decimal comparison 
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Coloi Code to K>ciis Attention and Cue 
Response 



I his technique is particular Iv helpful to students 
with visual perception or memorv problems feachcrs 
can use colored chalk or marking pen . auripo introduc- 
tory teaching sessions and make examples available to 
individual students The fa milk- r red-green stoplight 
colors work well for students with intact color vmou tor 
these colors Green is the cue to "Go" or "Start here " Red 
means "slop " Blue or other colors can be used for inter- 
mediate steps 

Example /. Count on from the greatest addend 1 
1 hi^ technique has been used successful with all tvpes of 
students, including trainables Rewind swnplc introduc- 
tory work for addition, there is never an\ need tor a child 
to count from 1 to tmd answers to simple addition facts 
Ihe "K" in the illustration is green 




Example 2 Clock times first the hour IHINthe 
minutes after 
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Example 3: Multistep computation Color ones 
digits green to mean "start here " 




Example 4: Basic traction meaning (also helps 
child read and write fraction correct!} numerator first 
(on top), then denonvnator) 
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Example 5: Reading the larger numbers Color 
code each triple wrthin a period green-bluc-rcd At the 
vertical line, the child is cued to gr\e the "family" name 2 
This technique can be extended to reading of decimals 
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Example 6: Aligning numbers in columns {or 
computation I rain the child to use a highlighter to color 
shade the columns Alternately use square centimeter 
paper 
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Example 7: Mixed addition-subtraction prob- 
lems Some children persevcrate tend to use the first 
problem oil a page as a model foreompletmgall others If 
the first problem is addition they add all remaining prob- 
lems. If tr\e first problem involves renaming, they rename 
in all problems whether or not this is actually needed I he 
behavior is compulsive rather than just carelessness. Cir- 
cling all addition problems green and doing these first, 
before turning to the subtraction problems on the page 
often helps Finger tracing the sign before, computing is 
also effective 



Allow Children to Hnger Trace or Use Other 
Tactile Cues 



In some cases seeing is not enough More total invol- 
vement is requrred so that the respon- ^ a child is capable 
of arc given 

Example I: Number reversals (e g . 43 for 34. 6 
for 9) Have sample numbers available for reference. Use 
texture along with color ano\auditorv cues toemphasi/e 
one part of a numeral I he "4 V of 43. for example, might 
be drawn with a green marker, then retraced with glue 
When allowed to drv . the glue leaves a ridge over whicha 
child can finger trace 





Example 2: Basic fact answers 
a Some children can give basic fact answers orallv. but 
hesitate or blank out when requited to write answers 
I hese students can be prompted to finger trace the prob- 
lem sa\ the answer quietlv to t.iemscKes, then write it 
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b lo promote retention for children with visual-memoi > 
diUiculties. have them finger trace and quietly say both 
problem and answer I hen su^ge>t thev close their eves, 
picture and sa\ the problenvand give its answer agan 
The answer side oi a Hash card deck can be u,ed tor this 
purpose 

Example 3: f-act errors in computation Some 
children know basic facts in isolation but miss them in 
larger computational pioblems Hngcr tracing the trou- 
blesome fact or writing it to the side often triggers 
recognition 

Example 4. hngers for multiplication 9\ 
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Capifali/e on Patterns and Other Associa- 
tions to Piomote Retention or Understanding 



Children with problems in abstract reasoning, memory, 
or other related learmngarcascan frequently be helped by 
carefully structured instruction which uses patterns and 
relevant associations 

Example I: Addition (acts related to doubles or 
known "MO" sums using e^sv facts to help with harder 
ones 



Example 2: Nddition 9\ and a pattern 
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Some children use different patterns For example 10*4 
i> 14.so9+4is ! less (13) Or. for 9 * 4. thev mavthmkof 
"ta king I " f rom 4 and "giv mg" it to to ma ke 10 ♦ 3 < I 3) 



Example 3: Harder multiplication facts having 
even products see what half will do* 
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Example 4: Meanu.g to decimal notation The 
modelSnd underscoring help children relate one decimal 
digit to "tenths." two decimal digits to "hundredths " 
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Example 5: Easy buildup to harder problems. 
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Example 6: Sj/e cues and fraction comparisons, 
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Use Auditory Cueing 



Childicn with visual handicaps and difficulties in 
visual perception or memory generalh require a high 
degree of auditory reinforcement. 



Example I: Basic facts 
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Example 2: Multiplication of decimals 
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Example 3: Sequence in carrying out a computa- 



tion. 
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At limes. Assign Fewer Problems and Min- 
imize or Fliminate Copving from the Board 



Some children, due to high distractibility. hyperactive 
tendencies, or frustration do not complete assignments. 
In these cases it may be necessary to. 

• Provide fewer problems per page. 

• Create several standard formats for worksheets and 
provide black construction-paper masks which blot out 
all but one fourth or one third of a page at a time. 

• Cut the worksheet into fourths or thirds and assign 
only one small section at a time 

Similar techniques are appropriate for some students 
with physical, visual perception, or vision impairments. If 
visual-motor d Ticulties are sevcVe. it ma> be necessary 
to 

• Limit written problems 

• Provide special lined paper or masks \o mark problems 
which are copied. 

• Require no board copying 

• Provide nonskid rubber sheeting upon which writing 
paper and textbooks can be placed, ' 
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When children tend to lose their place on a written prob- 
lem page, teachers can: 

• Clearly define the problem with heavily outlined boxes. 

• Train students to keep one finger on the problem while 
calculating. 

• Have students put a chip jor "x" at the proWer 





Carefully Sequence Instruction in Small Steps, 
with Adequate Provision for Practice and 
Review • 



This approach is critical for students with learning diffi- 
culties, since extra developmental and practice time is 
necessary for both their understanding and retention of 
the concepts and processes. Breaking instruction into 
small, meaningful segments makes learning possible 
rather then overwhelming for these students. 

Example I: Basic addition facts. (Throughout, 
emphasi/e that ;turn arounds M work. Forexample. 3+ 6 = 
9;6+3 = 9.) 
* 

Step I. Count ons (For suns less than 10. emphasize 
counting on from the greater addend. Later 
this idea would be extended to all facts having 
2 or 3 as an addend.) 

Step 2. Sums equal to 10. (If necessary, have children 
"get the feeP from their fingers.) 



Example 2: Basic subtraction facts; teen minuends. 
Step I. Be sure.of these prerequisites- 

a. Children realize that 14 is 4 greater than 10; 16 
is '6 greater, 13 is 3 greater, and so on. 

b. Children can subtract any number from 10. 
Step 2. Now use 10 to help with teen minuends 
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Example 3: Basic multiplication facts. (Again 
emphasi/e the commutative of each fact throughout the 
sequence). 



Step 1. 
Step 2. 
Step 3 
Step 4. 
Step 5. 



2 s (Link to addition doubles ) 
5's (Link to money, time on the clock.) 
9 s (Use patterns or hands to help.) 
9's and Ts. 

Only 15 facts left to learn: 

• Five are perfect squares (3X3. 4X4. 6X6. 
7X7, 8X8); 

• ten others (3 X (4,6,7.8); 4 X (6.7,8); 6 X 
(7,8); 7X8). For these, refer to the suggestions 
of TIP 4 (example 3) and TIP 5 (example I). 




3 + 7 
7 + 3 



10 
10 



Step 3. Doubles. (Mastery is critical before moving to 
step4. Use auditory and visual cueingto help.) 

Step 4. Facts related to doubles: Doubles ♦ I, Dou- 
bles ♦ 2. 

Step 5. Addition 9's. (Use patterns to help.) 

Step 6. Only 3 (of the 100) facts left: 4+7,4+8,5+8. 

This sequence has been used successfully with 
all t>pcs of students, including learning-dis- 
abled children and educables. 




Work for Mastery One Step at a Time 



Teachers can often anticipate common trouble spots in 
computation. Troublesome to the average child, these can 
be disastrous to students with severe learning difficulties 
who typically have a low frustration level. Teachers can 
ma ximi/e success experiences for these students by specif- 
ically focusing on rough spots. The one-step approach 
illustrated below has proved highly effective with many 
learning-disabled and ether students In each case, it ts 
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unnecessary to work the whole problem until the difficult 
step is mastered. 

Example I: Long Division Anticipated problem: 
difficulty in multiplying sideways. On worksheets child- 
ren are asked just to perform the next step: that of 
multiplying. 



2 



Example 2: Renaming in subtraction of fractions. 
Anticipated problem: showing 13 8 rather than II 8 
after renaming. One-step assignment: just rename. One 
would of. course, use materials to illustrate this renaming. 
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Example 3: Division of fractions Anticipated 
problem inverting the wrong fraction. To focus on 
inverting the divisor, children carry out just THE NFX Y 
STEP of the given problem 
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Example 4; Decimal multiplication or division. 
The only new step placing the decimal point. Provide 
problems that are "worked "except for correct placement 
of the decimal point in the answer. 
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Provide a Sample Problem or a Crvptic Sum- 
mary to Help Children AVho Confuse or 
Forget the Sequence of a Computation 



Example I: Visual directional cues in sample 
problem. 
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Example 2: Hip chart tor a sample problom (sepa- 
rate page for each step) 




Example 3: Sample problem either started or 
completed at the top of worksheets 

2 9 90 

284 



Example 4: Cr\ptic summary the short of it for 
long division 



/. Divide 

2. Multiply 

3. Subtract 

4. Check 

5. Bring down 
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Actively Involve Students During Instruction 



• Make sure students clearly understand learning goals. 
Then give them a means to monitor progress made (e.g.. 
use of a personal bar graph) 

• Encourage students to describe situations which apply 
the mathematics to common, real-life uses 

• Call on studentMo verbali/e personal understanding of 
a concept or process 



Intervention techniques such as these foster independence 
in learning and using mathematics an important goal 
for all handicapped students. - 

Footnotes 

i Ihe October 1979 issue ol Anthmeth Teacher, pp 6-9, 
makes same excellent suggestions for helping students count on 
from a given number 

- II the child's learning disability is v isual closure, use digits of 
one color, but underscore each triple I his will help the child see 
the number as a whole rafher than as disjoint digits. 1 he under- 
scoring will help trigger the recognition to "read as a 3-^igit 
number " I nert add the family name 

x L)\cer.i for example, can be purchased at orthopedic supply 
stores 
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8. TEACHING MATHEMATICS 
TO LD ADOLESCENTS 

by John F. Riley and Fredrick* K. Reisman 

The authors suggest the use of the Reisman-Kauffman Specific Learning 
Disabilities in Mathematics Checklist as an aid in helping handicapped students 
select the mathematics they must learn for their chosen vocations in life. John F. 
Riley is an Instructor in Elementary Education and Fredricka K. Reisman is 
Professor and Division Chairperson of Elementary Education at the University of 
Georgia, Athens. 



The term "learning disabled" (LD) 's generally 
accepted as involving academic performance that is at 
least two years below expected achievement when other 
handicapping conditions are not apparent. Adolescence 
refers to the period commencing with puberty, about 
eleven or twelve, through eighteen or twenty years of age. 
This discussion focuses on mathematics instruction for 
learning-disabled adolescents. 

* In order to understand the mathematics needs of LD 
adolescents, a teacher must be familiar with nqrmal ado- 
lescent development and with the unique characteristics 
of young people displaying the learning disabilities that 
influence mathematics acquisition. These two issues are 
outlined next. 

— - NORMAL ADOLESCENT 
DEVEtOPNJENT 

Smith and Payne (1980) provided a summary of 
descriptions of adolestents as follows: 

...persons at this stage of development make a 
gradual shift of social orientation away from the 
family to the peer group (Pollard and Geoghehan, 
1969). 

Youngsters in this group begin to seek in earnest to 
develop an identity of their own (Erikson, 1963). 

...the adolescent begins to attain physical and 
social maturity and she he moves from a simply 
conforming person to a more self-governing indi- 
vidual It is at this stage that age-mates and models 
assume a position of great impojrtancein the lives of 
these youngsicrs. 

... the primary lessons of youth during this period 
are social and emotional, rather than intellectual 
. . . specihc tasks associated with adolescent devel- 



opment are. 1 . achieving new and mature relations 
with age-mates of both sexes, 2. achieving a mascu- 
line or feminine social role, 3. accepting one's phy- 
sique and using the body effectively, 4. achieving 
emotional independence of parents and other adults, 
3. preparing for marriage and family life, 6. prepar- 
ing for an economic career, 7. acquiring a set of 
values and an ethical system as a guide to be- 
havior—developing an ideology, 8. desiring and 
achieving socially responsible behavior (Havig- 
hurst, 1972). 

Compton ( 1978) distinguished between early adoles- 
cents, ages ten to fourteen, and late adolescence, and used 
the term "transescent" a word coined by Donald Eich- 
horn (1965). This distinction underlies reasons for estab- 
lishing middle schools rather than high schoolish junior 
high organizations, Compton suggested that a general 
characteristic of a program based on the nature of the 
transescent should involve instruction that focuses on 
facets of a theme so that "distinctions between the content 
fields would be blurred or non-existent (as they are in real 
life)." 

Adolescent theory has asserted that this period is one 
of "storm and stress." Terms such as "identity crisis" and 
"generation gap" are related to the storm and stress phe- 
^ nomenon. However, empirical studies have failed to sup- 
port the storm and stress condition. 

Coleman's (1978) research led him to formulate a 
'local theory" of adolescence. According to his theory, 
concern for the traditional issues of adolescence, e.g. sex- 
appropriate role behavior, achievement ofa sense of iden- 
tity, and personal commitment to some ideology, set of 
value/ occupation, or life-style, peak at different times, 
allowing many adolescents to deal with them one at a 
time. Those adolescents who have to deal with several 
'crises simultaneously are the ones most likely to have 
problems. For Coleman the resolution of one crisis (or the 
completion of one stage) is not necessary for beginning 
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another. In addition, there are no fixed boundaries 
between stages or crises, they are not linked to any age or 
developmental level, and the sequence in which they may p 
be encountered is not immutable: Regardless of the the- 
ory one accepts, the classroom teacher is faced with deal- 
ing with individuals who are undergoing tremendous 
changes, both psychologically and physically. 

LD ADOLESCENTS 

Jacksand Keller(l978)stated that "adolescence does 
not miraculously bypass the child with a learning disabil- 
ity." The LD adolescent carries a double burden, suffer- 
ing from ben.g "special" and "different" at a time when 
conformity and peer acceptance are most important. He 
or she may become a nonconformist by circumstance 
rather than by choice. The pressures and experiences of 
adolescence are the most crucial ones confronting these 
students - more crucial, ? -cording to the teachers, than 
success in schoolwork. In addition, the adolescent with a 
learning disability has seldom developed the coping 
strategies needed, a situation due in part to low self- 
esteem. 

Lower self-esteem among LD adolescents has been 
found by Rosenberg and Gaier (1977). Scores on the 
social self-peer subscale of the Coopersmith Self-Esteem 
Inventory showed a significantly more negative self- 
image for LD adolescent- han for "normal" adolescents 

Lerner ( 1976) discussed the effect of a child's educa- 
tional experience and stated that persistent learning prob- 
lems and negative attitudes toward' learning are often 
accompanied by emotional and social problems. 

Fpstein and Cullinan ( 1979) stated that LD adoles- 
cents fail "to achieve one or more developmental-educa- 
tional goals to an acceptable extent within an acceptable 
period of time." These goals include social participation, 
intellectual competence, community contribution, and 
career preparation. 

Wiigand Semel (1974) found that when LD adoles- 
cents were given tasks involving comparatives and spatial 
and temporal relationships, they showed deficits in audi- 
tory comprehension, logical processing, and semantic 
coding. 

Reisman and Kauffman (1980) identified generic 
influences on learning mathematics. These are grouped 
into four major classes: cognitive, psychomotor, sensory 
and physical, and social and emotional. They then present 
instructional strategies that may be applied to various 
topics included in the K-12 mathematics curriculum. The 
instructional strategies .were developed in relations!^ to 
generic influences on learning that include the following! 

• Cognitive Influences on Learning Mathematics 



Rate and Amount of Learning 
Speed of Learning in Relationship to Mathe- 
matics Topic 
Ability to Retain Information 
Need for Repetition 
Ability to Learn Symbol Systems 
Si/e of Vocabulary 

Ability to Form Relationships, Concepts, Gen- 
eralizations 

Ability to Attend to Salient Aspects of a Situa- 
tion 

Use of Problem Solving Strategies 
Ability to Make Decisions and Judgments 
Ability to Drawlnferences and Conclusions 
Ability to Abstract and to Cope with Complex- 
ity 

• Psychomotor Influences on Learning 
Mathematics 

Perceptual-Motor Impairment 

• Sensory and Physical Influences on Learning 
Mathematics 

Sensory Limitation 
Low Vitality 
Fatigue 

Physical Impairment 

• Social and Fmotional Influences on 1 earning 
Mathematics 

Degiee of Independence 
Attention Deficits 
Motivation 
Anxiety 

Coping with Exceptionality 

Reisman and Kauffman ( I980) developed a checklist 
for evaluating a student in terms of generic influences on 
learning mathematics. This checklist is made up of throe 
columns which are described below 

• The first column includes specific learning dis- 
abilities in mathematics. These are grouped as 
Reasoning, Problem Solving, Orientation, Motor 
Performance, Attention, Perception, and Affect. 

• The second column on the checklist identifies 
mathematics topics that are most affected by the 
particular generic influence, on learning. 

• The -third column summarizes instructional stra- 
tegies most appropriate for either circumventing 
weaknesses or facilitating *he strengths of a 
learner. 

r 

>S ' A portion of the Reisman-Kauff man Specific Learn- 
ing Disabilities in Mathematics Checklist (SLDM) is 
rep;inted here as Figure I 'I he purpose r, to show that 
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HGl'RE I 

IVSTRICTIONAI. STRATEGIES FOR SLDM: CHECKLIST 



SI DM 
(Check box it 
dispiaved bv 
student) 



□ Docs not 
appropriated sequence 
occurrences or objects 



□ inability to make 
choices and decisions 



□ Does not make 
appropriate inferences 
from data and draws 
inappropriate 
conclusions 



Related Mathematics 
Topic 



Sequencing 
Order 
Seriation 
Computation 
Seriation extended 



Judging and Estimating 
Computation 



Judging and f strmating 
Cause -cllcct 



Instructional 
Strategy (IS) 



Present small amounts 

chunking 
Incorporate redundancy 
*l\e cues 

Provide complex and or 

subtle sequencing activities 
Use structured algor-thms 

Control number of dimensions 
that define a linear sequence 
Fmphasi/c patterns 
Incorporate incompleteness 

to activate creative potential 
Reinforce attention to a relevant 

dimension 
I sc pupil questions 
I se structured algorithms 

Provide complex or subtle 

sequencing activities 
Incorporate incompleteness to 

activate creative potential 
Reinforce attention to a relevant 

dimension 
Point out relevant relationship 




instructional strategies may be developed for teaching 
mathematics to adolescents who display deficiency in one 
or more generic influences on learning especially in 
those factors related to learning mathematics 

The following section is a description of an LD 
adolescent for whom all three boxes on the SLDM Check- 
list were marked. Note that his weak areas in mathematics 
are apparent in the second column entitled "Related 
Mathematics Topic/* 

AN LD ADOLESCENT 

J >hnny, age 12. exhibited characteristics associated 
with L") adolescents. For example, he failed to achieve 
the first two goals discussed above by Epstein and Culli- 
nan. His social participation was immature, his expected 
achievement was at least two yea rs greater than his actual 
achievement He displayed some basic mathematics weak 
nesses including a lack of understanding of place-value 
relationships, poor computation skills, inability to per- 
form selected measurements {e.g time, using a ruler, 
measuring capacity), and interpret graphs. Johnny was 
hyperactive and /Jistractible 1 He displayed excess physi- 



cal activity in relationship to the demands of a situation. 
He had a short attention span, and he attended to irrele- 
vant, stimuli in learning tasks. This distractibihty ap- 
peared to interfere with his ability to engage in sequential 
and analytical thinking. These behaviors also put the 
other students off and inhibited his socialization with his 
peers In addition his written computations were messy 
and he appeared spatially and temporally disoriented. It 
seemed as it Johnny were like some powerful animal, 
trying to fight its way out of an entangling trap. If he 
could stop struggling against himself, stop repeating the 
mistakes he had made, he might be able to capitalize on 
some strengths he had and begin to work his way free. 

And Johnny did have some strengths. He had a 
strong motivation to work He was likable, could se<» 
humor in situations, and received reinforcement in athlet- 
ics 

Johnnys strengths in mathematics were welt deve- 
loped He did well in those areas that afforded him suc- 
cess Of particular note was the area of fractions, which 
was subsequently used by his teacher as a vehicle for 
helping him to improve his peer relations as well as his 
sequential and analytical thinking. 
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In conclusion, the selection of those topics that will 
best serve the needs of an I D adolescent must be made in 
relationship to both academic and vocational considera- 
tions Selection of topics must be based on a double 
criterion that mathematics which LD adolescents cart 
learn and that which thev should learn. 



Footnote 

1 Kauffman {1977 p 146), summarized in Reisman and Kautt- 
man (I9K0), defined the following terms 

H\perant\it\ or hxperkmesis involves excessive motor «icti\it\ 
of an inappropriate nature 

Pistratlihdil\ is the inability to selectively attend to the appro- 
priate or relevant stimuli in a given situation or overselectiv it\ of 
attention to irrelevant stimuli 

Impulsivih is di. inhibition or . ;ndeney to respond to stimuli 
/ quickly and without considering alternatives 
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9. REVERSE MAINSTREAMING WITH MICRO- 
COMPUTERS IN MATHEMATICS 

by Betty lossi 

Reverse mainstreaming is a creative idea for schools that house the micro- 
computers in special education classrooms in accordance with funding require- 
ments. Betty lossi s unique reversalrole certainly has many pluses besides acquiring 
new mathematics skills, suckm respect of classmates, self-esteem, and getting to 
know schoolmates inafamilar environment. Formerly a teacher of special educa- 
tion in the Ridgewood, New Jersey, public schools, the author teaches in the 
Redwood City Public Schools in California 



Two students playing "Baseball 0 are intent on the 
computer's screen in front of them, One is a fifth-grade 
girl from the regular class down the hall. The other is a 
neurologically impaired (Nl) boy who is assigned to this 
self-contained special education classroom with other NJ 
students his age. He is teaching -her to use the PET Com- 
modore Microcomputer This is not the usual procedure 
for integrating handicapped students with their nonhan 
dicapped peers. Instead of this special education student 
being mainstreamed out of his classroom, a fifth grader 
from the regular class is coming to his class to receive 
instrurtion. What is occurring is reverse mainstreaming. 

The PET, as it is fondly called, is helping to make this 
process a smooth one. The strategy was to give priority 
training on the PET to the NI students. Not only were 
they thrilled about acquiring this new skill, but it also 
gave them a degree of prestige within thexhool. Once the 
NI students demonstrated the ability to run a program 
independently, they became the teachers, tutors, and 
helpers of the fourth, fifth, and sixth graders roles they 
know well from being on the receiving end of such ser- 
vices. The handicapped students express good feelings 
about having friends come to their classroom for a 
change. It raises their self-esteem. They feel important 
knowing how to interact with a computer and gain the 
respect of their classmates as well. Knowing about com- 
puters is a much sought after and desired skill. Nonhandi- 
capped students have the opportunity to get to know a 
handicapped student and have the expe v nce of being 
inside a special education classroom. 

The role of the PET is to supplement rather than 
supplant the regular math curriculum. The current math 
programs offer different formats to practice previously 
taught math concepts. The PET is not used to teach new 
concepts. For example, the fourth graders had been 
taught the proce'dure for long division. The commercial 
PET tape entitled "Divifce* was introduced at that point. 
A long division probler*. comes on the screen. At each step 



of the process, the correct digit must be typed in the 
precise place 

I 2. 2 3. 2 

4|844 4f844 4(844 

* 8 



Wherever the flashing star appears, the student must type 
intbe correct digit. The process continues in this fashion 
until the problem has been solved . When an error is made, 
the computer indicates so immediately, and wnl not pro- 
ceed until the correct answer has been typed in. If, after 
several attempts, the answer is still wrong, the PET 
flashes what it should b^ with a brief explanation. T!ie 
students are actively involved in that they type the numer- 
als and sometimes the operations, in order to activate the 
machine. Immediate feedback is received, and corrections 
must be made on the spot. Motivation is high. Studerjts 
unknowingly are getting rapid drill practice on their facts 
when they think they are just playing ^ math game. 

The PET offers the opportunity for individualization 
of the math program as well. The programs commercially 
available offer a range of difficulty levels from drill on 
basic facts to problems requiring conversion effractions 
to decimals. Within the programs there are sometimes 
varying degrees of difficulty, also. The favorite, "Base- 
ball,** for instance, offers a choice of three levels of diffi- , 
culty and operations addition, subtraction, and multi- 
plication. So,* within a classroom, one team of players* 
may be reviewing basic level I addition facts, while others 
may be working problems at the le*el 3 multiplication, 
setting, which requires multiple digit products. 

Several of the math games can be played by two 
players. This encourages socialization within a structure. 
The rules are clear and the parameters of the game well 
defined. The computer acts as the referee or umpire, hi 
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thegameof "Basebairthe PET occasionally makejfa play 
at first base after the batter has made a hit, thus causing an 
out This cHance factor provides a more interesting game 
for the less able student, who might otherwise have to wa it 
a long time for a turn at bat 

Selection of appropriate tap#s is important dunng 
the teaching stages. Two tape^Kave been especially good 
for this. They are played in a cooperative manner. Both 
players work toward matching the skill of the computer, 
which involves strategy Oneiscalled Hurkle. A Hurkle is 
hidden in a grid on the screen. The players take turns 
guessing the coordinates of the Hurkle. After each guess, 
the PET gives directional clues such as "Go northwest," 
or "Go *outh " It reinforces the concepts of directionality 
usmg \ and y coordinates, in addition to encouraging 
deductive reasoning. If the Hurkle is not fou;id afte. five 
tries, it reveals ft* location. 

Another good program to use during the initial 
teaching stages is called Hanoi. The students work coop- 
eratively to move' a series of discs from one pile to 
another. Only one disc may be moved at a time, and a 

: larger disc rrfoy not be placed on a smaller one When the 
tadrfiaTBeen c^npleted, the PET indicates the solution 

• ufing the fewest possible moves. The players try to match 
the skill of the PET The most difficult level requires 
juxtaposition of seven discs on three poles 



SUMMARY 

One way of dealing with handicapped and nonhandi- 
capped children within one classroom is through reverse 
mainstreammg, whereb> students from the regular class- 
rooms come in to the special education classroom I he 
personal microcomputer is an effective way of doing this. 
Teaching their peers has enhanced the self-esteem of the 
M students, developed motivation for facts drill, and 
fostered an atmosphere conducive to socialization Care- 
ful selection of tapes is important for the success of the 
program It requires little supervision from adults 

The following is a partial annotated list of appropri- 
ate math programs for use by handicapped and nonhan- 
dicapped students in the classroom 

1 Hurkle - use of grid coordinates 

2 Rounding -to IV I0\, l(X)\, I 10, and I I0() 
places 

3 Snoopv - introduction to negative numbers 

4 Baseball - basic addition, subtraction, and mul- 
tiplication (acts 

5 Dart - involves some estimating skills with basic 
operations 

6 Divide - step-bv-siep procedure for long divi- 
sion 

7 Anth - regrouping in addition. subtraction,and 
multiplication 

8 Ml Dll - combining multiplication and addi- 
tion skills (3\<M) 

9 Add - instruction in earning 

10 Hanoi - realigning discs 
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10. THE STUDENT WITH EXCEPTIONAL 
EDUCATION NEEDS AND THE CALCULATOR 



by Kathryn Dietrich- Alien and Henry S. Kepner, Jr. 

kathr n IMetru h- Allen and Hem \ S Kepner, Jr , have a fresh outlook for all 
leathers of mathematu s in ihetr use of (he calculator b\ blind, parahzed, deaf, 
retarded and nonverbal students, and particular !\ bv students with learning dis- 
abilities Among the laiter group, the authors focus on those with short-term 
memorx problems, visual distractions, latk of e\e-hand ( oordmation, o^d emo- 
m tional disturbam es The author » show that the calculator will allow the pttonal 

student to experience the e xhilaration that i ome* from solving problems torrei tlx 
~he tougher the problems, the greater the satisfai turn and feeling of mdependetn c 
for the hanilu apped \ oungster Kathr \ n Dietru h- Allen is a former gradate student 
and Henfx S Kepner, Jr , is an Asso( late Profes , m the Department of Curru u- 
lum and Instruction at the inixersiti of \\ isi onsin- \fih\aukee 



I o tiatc lntfe has been written abou; the use of calcu- 
late . • by students with exceptional needs Mo^t articles 
on calculators have stressed enrichment and exploration 
activities it is the author** contention that the calculator 
mav be the most important mathematical too! lor man\ 
students with exceptional needs For it is*the calculator 
that can* allow individuals to assume a more norma!, 
independent life a^ an adult * 

Chandler (19^8) summarizes an earlier study bv 
Browing which finds " Arithmetic to be tht* most ci itical of 
baste academic skills important to the working retard- 
ate " f his argument is based on the tact that so much of 
daily life deals with problem solving, time, monev, 
measurement, counting, and basic computations In 
live a life with the least restrictions imposed, com- 
petence in a vane tv of arithmetic skills and applications 
js necessary 

Capps and Hatfield ( 197?) pom/ out that at a rate of 
40 minutes per day tor arithmetic instruction, the typical 
r-* c*blv mentally retarded student spends one sixth of 
e in grades one through eight trying to master the 

computational algorithms tor whole numbers. Ken 
withuhis great evenditurc of time, exit performance 
usually does no. exceed a fourth-grade level At this level 
of pcrformanvC, the student shows little confidence or 
abihtv to handle apph'^ti jns 

I or students with arictv of physical handicaps, the 
calculator allows the performance of computations which 
can be dif'icult to master with the standard paper-and- 
pencil procedures For students with a variety of emo- 
tional disahaties, the calculator can help minirm/e the 
(tustiatu s Mudents experience in trying to perform 
complicated, sequential procedures, such a*, long division 
or multidigit subtraction with rcgrou|»*.:^ 



I or all students, elementarv mathematics has thrt~ 
components basic concepts, computational skii\ and 
applications I he extent of the use of calcula *rs wdl 
varv depending on a student's difficulties Ft many 
special students, the introductory concepts, like -v !tion 
or multiplication, and the basic facts, like 7+3 a 6 x 5, 
can be mastered without depending on calcula tv . How- 
ever, the masterv of multidigit com, ations without a 
calculator may never be realistic Vor such student.s an 
cmpnasis on concepts, practice with basic facts, and cal- 
culator performance of algorithms rs appropriate. I his 
use of calculators can save student success and self- 
esteem 

lor some students the basic facts, like 7x5, seem 
impossible to master The calculator provides a highly 
11 acceptable and accessible tool for these students. In the 
past the use of charts or tables was allowed Now the 
calculator, a tool used by most adults, can be employed 
■without drawing attention to the individual's memory 
deliciencv 

From studies done with regular education students. 
Rudnick and Krulik (1^76) and Suydam M979) report 
that there is no decrease in other areas of mathematical 
learning for students who use the calculator. Thus, what 
we know so far suggest that the use of calculators by 
exceptional students ma\ provide great gains with min- 
imal loss 

1 he extensive time now spent on computational facts 
and algorithms can be applied to improving understand- 
ing of nathcmaticalconceptsandapplications Of special 
fmportance are numeration concepts, estimation skills, 
geometric properties, and consumer skills Frequently 
these are omitted because of the time spent on computa- 
tional performance 
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WhJc some teachers express concern about a stu- 
dent's depending on calculators the calculator aetuallv 
provides the opportumtv or student independence in a 
mainstream setting and later as an adult Schnur and 
l.ang( 1976) found that simplv having the calculator pres- 
ent, with no specific instruction at all. was enough to aid a 
group ot students with special needs in learning how to 
compute without a calculator- Carpenter, et al (1980) 
found that onlv 46 percent of !3-\ear-olds and less than 
halt of |7-\ear-olds coirectlv computed 2Nl?fl52 without 
a calculator However, one hall o! the 9-vear-olds ob- 
tained the correct result using a calculator Most ot the 
9 -\ ear-olds had onlv mmimal,exp nure to the division 
concept I hus. the building of computational profieiencv 
b\ means ot the calculator can parallel concept develop- 
ment 

In seeking to reinforce basic tacts calculator-like 
devices such as "I he I ittle Professor. ""Datamam" and 
the "Digitar" provide important drill experiences As one 
source ot drill, these devices arc extremelv effective I he 
device provides instant leedback to the student in a con- 
sistent. nonthTcatening wav Manv students tmd it cvsier 
to be told rcpeatedlv of errors bv a machine than bv a 
teacher, classmate, or parent I he tireles-* consistent 
electronic-drill device provides a constructive opportun- 
ity for students who trequentlv become disruptive in 
groups where thev receive inadequate attention or cannot 
succeed 

I he ultimate goal of mathematics instruction tor all 
students is problem solving I he traditional curriculum ;n 
rhe I'nitcd States has placed computational masterv as a 
prerequisite to problem solving Hence, manv students 
with special nced> haveseldom been placed in theapprop- 
riate setting for problem solving m mathematics 

In the tvpical mathematics word-problem context, 
students arc expected to produce the correct answer I his 
expectation has two parts ( I ) decide on the appropriate 
arithmetic procedure and (2) perform the calculation cor- 
rectlv For numerous students the selection of theapprop- 
natc procedure was not recognized because errors in 
computation led to a wrong answer 

Jaggard (I977> observed that manv low-achieving 
seventh and eighth graders "freeze" in solving problems 
because of past failles an computation skills Once treed 
from these tailures/thcse students were able to become 
problem solvers. Use of the calculator does not guarantee 
success in problem solving, but it allows the student to 
focus on the major issue problem solving The calcula- 
tor is available for tru:l-and-crror. gcnciation of hvpo- 
theses, and eheckmg of conjectures * 

Nationally there is a rapid acceptance of the caleula - 
tor as a valuable mathematics too! for general mathemat- 
ics students who are weak in computation No other 



teaching strateg; or device has improved student per- 
formance and self-concept lor students w ho have suffered 
vears of computation failure I his reprieve from certain 
failure in mathematical settings cannot be overlooked tor 
students with special needs \ 

Manv studies. ex . Ockenga (1976). (iawronski and 
(oblent/ (1976). Sullivan* ( 1976). Schnur and Lang 
(1976). have lound calculators to be motivating for stu- 
dents This appears true over long, as well as short, peri- 
ods ot time I he calculator is becoming a universalis 
accepted tool m our societv In the second national 
mathematics assessment (NAIP. 1979. p 77). H6 percent 
ot 1 7-vear-olds reported that thev or then lanulv owned a 
calculator 

Basse. Brougher and Moursund (1976) point out 
that there are three major modes ol dealing with arith- 
metic in our lives mental, paper and pencil, and the 
calculator Need we expect everv student to oecome profi- 
cient in rac-h mode"' roi students with special needs, one 
mode mav be sufficient tor the tasks at hand 

PRACI1C AI CONSIDERATIONS 

In using calculators, attention to speciaJ needs must 
he given I hus, in a given situation one student might be 
encouraged to use a calculator while another is discour- 
aged \ word about individual differences mav be 
appropriate to the students involved Remind students 
that we continuallv tr\ to minimize individual difficulties 
through the use ot hearing aids and glasses, as well as 
calculators 

Manv students with phvsical and perceptual prob- 
lems have great difficult) in writing out numerical exer- 
cises and all the inter nice* ate steps required in paper-and- 
pencil procedures I hese difficulties almost insure stu- 
dent failure beeau^ ot the tedious task of recording 
results 

.For most ot these students, the calculator should 
have large kevs. iv . tvpewiucr size, and a large digital 
displav I he small pocket calculators are hard to operate 
for students with a vanctv ot motor and perceptual diffi- 
culties Although moie expensive, calculators with a 
paper tape are necessarv for some students I hccapacitv 
to check entries for eirors. such as digit reversals, to 
examine intermediate results, and to keep a eopv ot the 
final result are cn-wuii 

For students with perceptual and short-term memorv 
difficulties, a calculator which displays digits from left to 
right mav be necessarv l or these students the entering of 
937.25 am be '.erv contusing On the standard calculator, 
the "9" first appears at the right edge of the displav, 
"where the '5' should be r *lnanv case practice in entering 
and reading numerals with the calculator is necessarv 
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CONCLUSION 

It is important that teachers do not equate perform- 
ance on computational procedures with thinking in 
mathematics To consider a mathematical problem and 
devise a plan for its solution requires thinking To analy/e 
a consumer problem and set up a method of solution also 
requires thrnking. However, to perform a long division 
exercise requires a memorized procedure based on train- 
ing, not thinking. Most adultvin thiscountry have memo- 
rized a pa per-and -pencil procedure How would they do if 
someone denied them a pencil? The calculator tsarvalter- 
native to these procedures It will not remove the need for 
student thinking and reasoning in dealing with quantity. 
It is present to perf . ,n an operation chosen by the user 

Calculators and computers have much to offer 
exceptional education students both now and in their 
adult lives A b;»nd person uses a talking calculator, a 
paralyzed, nonverbal student communicates with a stylus 
and a computer, and a deaf individual visually reads 
telephone messages recorded by computers. The calcula- 
tor is the first computational device available to all 
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11. BANKING MATHEMATICS FOR 
THE CLASSROOM WITH EMH PUPILS 

by Gayla Rice 

Banking mathematics is necessary for all handicapped students who w ish to 
acquire independent living skills. Gayla Rice presents a very realistic una on 
banking. She further adds the personal elements ofjov and satisfaction h v holding a 
class auction wherein the pupil making the successful hid must pay by check. The 
author is a Teacher Coordinator at Dickson Hi?h School Dickson, Oklahoma 



The major responsibiluy°of mathematics teachers 
with Educable Mentally Handicapped (EMH) high school 
students in their classes is to prepare them to live inde- 
pendently in our society. Because of this, my math pro- 
gram has been organized to include the skills necessary 
for survival and everyday living. One of the most impor- 
tant skills, the handling of money, has necessitated a large 
math unit on basic banking competencies, i.e. checking 
accounts. By following a certain sequence of activities, we 
have succeeded in motivating students and making them 
excited about writing checks and keeping correct check- 
ing account balances, ^should be noted here that in order 
to succeed, the student must have the abilitv to use basic 
addition and subtraction processes 

Activity I 

Before actuall> gelling into the manual procedure 
for opening and maintaining a checking accouhl,Shere 
are many general ar as that need to be discussed vith 
students Therefore, to introduce the unit on banking the 
teacher should have an understanding of bank* as th^c fir»t 
objective. The beginning discussion should center around 
the following outline. 

I. What is a bank (definition)? 

2 Why use a bank? 

3 Choosing a bank 

a. Location 

b. Services offered 

c. Choosing betweena state or federal bank 

Activity 2 

Before students can write checks, they need to know 
how to read and spell numerals. The teacher should hand 
out a sheet with the spelling words and make flash cards 
for the students to use for drill. Students should also be 
encouraged to make their own flash cards. Success has 
also been achieved by allowing the student to write the 
words on a chalkboard using repetition as the key factor 



Activity 3 

The final step in learning to spell the numerals is a 
taped lesson for individual use The teacher can record a 
spelling test for the student to take when ready The taped 
lesson should have the students check their work and then 
report to the teacher with the test results when finished. 



Activitv 4 

Another activitv in the sequence to introduce bank- 
ing will be a guest from a local bank. The bank representa- 
tive should agree to talk to the students abouC banking 
services und be willing to discuss what banking problems 
might arise and how they are handled. The representative 
should also explain in a step-by-slep procedure how to 
open a checking account To reinforce the discussion the 
teacher will review the steps with the students after the 
visitor leaves 



Activity 5, 

The next activitv involves going.on a tour of a local 
bank. This can be arranged with a hank m the area. Jht 
person in charge of taking the class through the banJc will 
show the students what happens to a ctieck when it is 
written and how it eventually ends up back with the 
Writer While on this tour they Will also saethe various 
departments of the bank and have each one explained to 
them in relation to how it helps the customer. 



Activity 6 

This activity will start with a discussion and review of 
how to open a checking account and will provide practice 
in filling out a form to open a checking account. For this 
activity the student will need a worksheet showing what 
most forms will ask and providing a space-to fill in the 
needed information 
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Activity 7 

The n^xt step in the progression is to discuss the 
purpose of a deposit slip \ he students will he shown how 
to fill out a deposit ticket By asking local hanks the 
teacher ma\ obtain deposit tickets for theAtudents to use 
for practice There are different kinds of deposit tickets, 
so it is wise to let them practice on different kinds in order 
to see that the procedure is basically the same regardless 
of how the slips look. > 

Activity 8 

This activity is a continuation of the one prior but 
was made into a separate activity because it involves night 
deposits Since night deposit slips require more informa- 
tion from the customer, the students should be able to 
practice filling these out separately 

Activity 9 

Before students can understand how to balance their 
checkbooks, thev have to know exactly what the word 
"balance" means in relation to checking accounts lo 
explain this, the word "balance" should be used with 
diffeient meanings to see how thev relate to each other In 
this way students will come to understand the meaning of 
"balance" in a checkbook 

Activity 10 

I he next activity will begin by giving each student a 
check register the purpose of check registers should be 
discussed and the students given concrete examples show- 
ing where to put the Naiance of their accounts Each 
student will make up his or her own problems and prac- 
tice entering the date, ch.vk number, to whom the check is 
written, and the amount of the check The student will 
also enter deposits and get the register in balance ! his is 
one of the most important activ mcs in the banking unit so 
quite a lot of time will be spent here until the student 
understands the procedure These registers may also be 
obtained from a local bank 

Activity 1 1 

Next, the students will be given blank checks for 
practice 1 hese mav be obtained from a local bank One 
good wav to \ reserve a blank check is to paste it on 
cardboard and cover ft with clear contact I hen the stu- 
dent ma\ use a crayon to practice writing a check and 
'wipe the plastic clean when finished 



Activity 12 *s^ 

The next activitv involves practice in writing checks 
from a different angle Students are given worksheets on 
which there are checks written incorrectly. The student 
must examine them and determine what is vvrong with 
each check. 



Activity 13 

1 he last exercise should start with a' discussion of 
how the bank keeps a tally on the balance of an individu- 
al's money and how everyone should do the same to make 
sure that his or her balance agrees with the bank's records.* 
I he bank statement is then introduced with a i explana- 
tion of its use Students will then be shown how to mark 
off which checks arc recorded on the bank statement by 
the bank and how to get their check registers in balance 
with the bank Blank hank statements may be obtained 
from a local bank 

The ty pica I F M H student needs much reinforcement 
to retain the information and skills introduced To moti- 
vate these students to use banking skills, we devised a ph?n 
whereby the students could use the checking process 
everyday hirst, each student was given a checkbook cor - 
taming blank checks arid a check register. The teacher 
started a ledger sheet on each student in order to keep up 
witheach balance Daily work was graded as it wasturned 
in. and an amount of monev affixed to it At the end of 
each day the studerjt was allowed to make a deposit slip 
and an entry in his or her checkbook recording the 
amount of monev earned Monev was also gkvejy>fTa J fctn- 
away for appropriate or inappropriate behavior After 
recording the monev each dav the student would bring his 
or her checking balance up to date 

lo provide more incentive, at the end of every two 
weeks the teacher would hold an auction of items such as 
candy, pencils, jewelry, perfume, etc , and the students 
would bid against each other for the items thev wanted. In 
order to pay for the item the student wnrM then write a 
check for it and proceed to bring his or her check register 
up to date, lo insure accuracy, the teacher would check 
his or her balance against that of each student at the end 
of every month 

Overall, trm plan for teaching hanking mathematics 
has been very successful. It is the hope of this author that 
this plan will be helpful in some other high school class- 
room with I M H students. Only bv teaching our students 
basic math needed for everyday living will we be able to 
integrate them successfully into our society 
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12. THE MECHANICS OF TELLING TIME 
by Edwina Gramuska 

Knowing how to tell the correct time is a very important mathematical skill, 
needed fa the handicapped child for independent living. Edwina Gramuska has set 
some verv practical guidelines for the educatdr who teaches a unit on time to the 
educahle mentally handicapped child. The author is the School Placement Commit- 
tee Chairperson for Cheraw Elementary Schpol, Cheraw, South Carolina. (The 
author would like ^express her thanks to Developmental learning Materials. Inc. , 
for the Moving Up in Time Kit #344, without which she couJdnot have formulated 
her program.) 



According to South Carolina State Law an Educable 
Mentally Handicapped (EMH) student's I.Q. shall not be 
higher than 70 on any given standardized intelligence test. 
As an EMH Resource Teacher in Cheraw, South Caro- 
lina, my students' I.Q.N range from 50-70 with their chro- 
nological ages ranging from 10-13. All my students are 
being mainstreamed lor the ;irst time, which gives them 
the added incentive to master practical yet difficult math 
skills. Another mleresting observation about thisgroup is 
their need to use pencil and paper in addition^ receiving 
a grade for their effort It is mandator^ monitor their 
daily progress and success. _S 

Two very important guidelines we live by in our 
classroom are 

1. Never say I can't 

2. Success is fun and meant to enjoyed. 

Never let a standardized score alone limit your thinking 
about an individuals ability. Push hard, love intensely, and 
lend a helping hand; the results will ama/e you. 

A content area of mathematics l\c found both inter- 
esting and* extremely challenging is teaching an EMH 
child how to tell time. The practical application is neces- 
sary and obvious. And the deeper level of being able to 
blend the concrete and the abstract is a great cognitive 
accomplishment for the EMH student. 

Before beginning a specific program, we teachers 
discussed the need for learning how to tell time. When the 
students donl feel it is necessary orcan't see its relevance, 
introducing the concept might be futile. Shortly before 
Christmas we began talking about the possibility of delv- 
ing into such a demanding* "time "-consuming unit. After 
Christmas and Santa's delivery of many watches, emo- 
tions ran high and the time was right to begin our in-depth 
study. 

The first step I took was to have a record sheet run off 
foreach student. Then, to lay the foundation for this unit 
I used the Moving Up in Time K//#344 by Developmental 



Learning Materials. Inc. In actuality the Kitisdesigned to 
be used on an individual basis as a reinforcer. but I was 
able to adapt it quite easily to my program. The introduc- 
tion in the kit is divided into four categories, color coded 
in green We discussed the first three categories as a group 
act:vity. 

a Special limes - 32 cards of this set are des.gned to 
introduce the child to the concept of time as it 
affects his or her lie. 

b. Everyday Events - The picture cards help the child 
to become aware of significant everyday events. 
Some examples are waking up. eating lunch, read- 
ing, and playing. 

c Holiday Happenings - This section contains 10 
picture cards relating to various yearly holidays 
such as Christmas, Thanksgiving, and the Fourth 
of July. 

d Seasonal Settings - This early aspect of the pro- 
gram proved to be the most difficult foremen class. 
At this point we deviated from the basic program. 

I brought in pictures most commonly connected with 
each of the four seasons. Thiough drill 2nd daily copying 
activities, the students learned the names of the seasons. 
Each child was then given a particular season and an old 
magazine. The period s assignment was to find pictures 
related to his or her particular season. They were labeled 
and hung. We did this each day until each student had an 
opportunity to do each season at least once. 

Now that the foundation had been laid we were ready 
to begin the mechanics of telling time We used the alarm 
clock in the classroom to discuss the hands, the hour, the 
minute, the direction they move. Each student then made 
a clock out of a paper plate. This tactile activity helped 
even the slowest child to feel the difference between the 
long and short hand, the direction in which they move, 
and how important it is to write the numbers in a certain 
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place and not arbitrarily on the face Every clock was 
unique and a reflection of indiv^rttual ability and personal- 
ity In addition they've proven to be great fun. 

We were now ready to begin Red Section •The 
Hour " In order for each child to work simultaneously 
every card was run off on a purple ditto (two on a page). 
They were stapled together according to letter A, B, orC 
Each set vyas put in a folder, labeled, and kept near my 
desk This section provides practice in reading the time 
from a clock as indicated by the position of the hands on 
the clock face. Also included in section C are those cards 
on which the student draws the hands on the clock to 
indicate the time as stated below the clock face The 
average EMH student could finish one set during a 50- 
minute period 

Each day before actually working on the skill intro- 
duced by a particular sheet. I would' outline-gt on an 
overhead transparency The students responded better to 
this mode than if I merely wrote the identical information 
on the board This is a question-a\>d-ans\ver period, the 
moment of discovery Each child takes a turn writing an 
an. we: on the trar.spar*rvy By the tin 6 c the sheets are 
handed out, most of the students feel comfortable with 
the concept in addition to being quite proficient 

Here is an Example of a typical daily activity The 
students enter the room, get their folders, tablets, and 
pencils Each pupil then sits in an assigned seat On the 
transparcnev there is a sample which would look like this 




The hour hand points to 3. 
The minute hand points to L2* 
It is JLo clock 

I he student* nilldraw the clock a i write the sent 
ences in their tablets Each one will take a turn identity mg 
the hour hand, the minute hand, and the actual time 
Together we make a generalization about o'clock Eo! 
lowing this I will prcsenta number of similar exercises, so 
that each student has an opportunity to complete at least 



one for the entire class When I feel sure that the majority 
undersVands the concept, a student hands out the vvoj^t- 
activity sheets I am tree to float around and give individ- 
ual explanations when needed Each student then receives 
an individual record sheet with the following directions 
"The student is to check oft each card i ^ he or she works it 
by crossing out the number in the coppesponding box " 
This type of check system has proven to be extremely 
rewarding in its own right The >tudent sees and feels 
progress as each becomes filled with yet an additional 
accomplishment 

Prev iously I mentioned that paper plates were a great 
source of fun We wx>uld allow a few minutes at the end of 
each class period for telling-time bees Each student wrote 
hi . or her name on the board, then found a comfortable, 
private seat somewhere in the room I'd stand in front and 
call out a time such as X (K) Each student positioned the 
hands on the paper clock. Everytime someone is correct, 
he or she receives a check Five checks equals one star to 
be placed on our star chart which is used to work towards 
game day on End ay It is an excellent way to reward 
success immediately and inexpensively 

Another dimension l\e added to the program is a 
written qui/ after each color-coded section I he results 
have been ama/ing As a result of the basic program and 
the enrichment activities, almost every child passes Any 
student who tails, repeats only troublesome areas and not 
the entire section 

An award certificate is presented for mastery of a 
particular concept I he principal has attempted to work 
closely m offering the students positive reinforcement for 
a job well done When a student has completed the entire 
program or an equivalent of 10 certificates, he or she 
receives a free Coca Cola form Its an added incentive not 
only to complete the progiam but also in the least amount 
of time in order that a new mountain may be climbed and 
another summit reached 

I have described in depth one phase of the program I 
will now briefly outline the remainder of the cards, 
because all have been taught in b sically the same fashion 
I he Halt-Hour (Blue) also provides three type* of exer- 
cises using the same format a* the Red Section The 
Quarter Houi Past (Yellow) and Quarter Hour To 
(Brown) help the student understand the quarter hour in 
the same fashion The Minute After I he Hour (Purple) 
and the Minutes Io I he Hour (Orange) are designed to 
help the student read the five-minute interv als in a conver- 
sational tone Travel I ime (dray) refers to the five-minute 
intervals as they may be indicated on plane. f rain and bus 
schedules Although those activites may seem boring and 
routine, my experience- have shown that consistency and 
repetition will reap numerous successes 
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AFTERWORD 
by Ellen Mary Brockmann 

The importance of mainstreaming into the regular mathematics class goes beyond 
the needs of handicapped students, as it demonstrates the truth of a very old and 
important educational postulate good teaching is individualized. Mainstreaming, like 
all good teaching, requires the teacher to diagnose, understand, and respond to the 
myriad individual capacities, needs, interests, and concerns found in any group of 
children. Educators who serve the individual needs of regular classroom children can do 
the same for the handicapped youngsters. 

Teacher attitudes will probably determine, as much as any other variable, whether or 
not mainstreaming will work successfully. For the temperament of the instructor will 
eventually shape all aspects of the mathematics program in the classroom. 

It is the hope of all who contributed ^cTTnis book that you, the creative teacher, share 
your joy and knowledge of mathematics with all of your students thus improving J^e 
quality of then lives through a greater utilization of mathematical skills and tcchnolog) 



63 

62 



RESOURCE CENTERS 



Below is a partial list of organizations that provide 
printed materials for the teacher interested in mam- 
streaming, the handicapped, or mathematics. There are 
many, many more. These, however, constitute a good 
starting point for whoever wishes to go further into the 
subject. Each organization will supply a publications list 
upon request. 



Accent on Living 

P.O. Box 700, Bloomington, Illinois 61701 

Accents special publications will bring you topics 
about the handicapped usuallv not found else 
where. 



Association for Children with Learning Disabilities 
4156 Library Road, Pittsburgh, Pennyslvania 15234 
ACLD and its state affiliates wqrk/ directly with 
school svstems in planning and implementing pro- 
grams for early identification and diagnosis, as well 
as remediation in resource and special classroom 
situations. 



Closer Ixwk 

L\S Department of Education, Bureau of Education for 
the Handicapped, Box 1492, Washington, D.C 20013 
Closer I ook has reading lists to help you \ti n more 
about children and vouth who have handicaps. 

\ 

Count il for Exceptional Children 

1920 Association Drive, Reston, Virginia 22091 

The CEC produces up-to-date material on the 

handicapped. 



Educational Resources Center 

1834 Meetinghouse Road, Boothwyn, Pennyslvania 19061 
ERC is devoted to current educational practices 
which illustrate the broad concept of the least re- 
strictive alternatives in educational settings. 
i 

National Council of Teachers of Mathematics 
1906 Association Drive, Reston, Virginia 22091 

NCTN* publishes books ranging from teaching 
methods and study techniques to tests and contests, 
from computer-assisted instruction to do-it-your- 
self teaching aids, it also serves as publisher for 
Arithmetic Teacher, Mathematics Teacher, and 
Journal for Research in Mathematics Education. 

Xational Education Association 

1201 16th Street, N W., Washington, D.C. 20036 

NEA publishes books and produces audiovisual 
materials*\p*%i^areas of in-service training. The 
publications focus on individual content areas and 
are for teachers ol all grade levels, from elementary 
through higher education NEA also publishes 
Today's Education, with a special edition for mathe- 
matics teachers 

Training and Resource Director] (or Teachers Serving 
Handicapped Students k-12 

Office for Civil Rights, 330 Independent* Avenue S W.. 

Washington, D C 20201 

This directory has been compiled to alert teachers in 
the regular classroom to resources that will assist 
them in accommodating students with handicaps. 

r 

Prepared bs ' 
Elle," Marv Brockmann 
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NEA Resolution adopted by the NEA Representative-Assembly 
B-25. Education for All Handicapped Children * - 

The National Education Association supports a free, appropriate public education tor all handicapped 
students in a least restrictive environment which is determined by maximum teacher involvement However 
the Association recogmres that to implement Public Law 94-142 effectively 

a The educational environment, using appropriate instructional materials, support services and pupil 
personnel services, must match the learning needs of both the handicapped and the nonhandicapped 

student " , 

b Regular and special education teachers, pupil personnel staff, administrators and parents must share 

in planning and implementing programs for the handicapped 
„ ota i| nv , qt k e adequately prepared for their roles through m service training 
d The appropriateness of educational methods, matenals and supportive services must be determined 

in cooperation with classroom teachers , , 

e The classroom teacheKs) must have an appeal procedure regarding the implementation of the inch 

viduaiized education program, especially m terms of student placement 
f Modifications must be made in class size, using a weighted formula scheduling and curriculum 

design to accommodate the demands of each individualized education program 
g There must be a systematic evaluation and reporting of program developments using a plan thai 

recognizes individual differences * 
h Adequate funding must be provided and then used exclusively for handicapped students 
i The classroom teacher(s), both regular and special education must have a ma]or role in determining 

individual education programs L * »w£Frfe« 

] Adequate released time or funded additional time must be made available for teachers sc^aTm^y 

can carry out the increased demands placed upon them by PL 94 142 / 
Ic Staff must not be reduced 

1 Additional benefits negotiated for handicap *d students througn local collective bargaining agree 
ments must be honored 

Communications must be maintained among all involved parties 

All teachers must be accorded by law the nght of dissent concerning each individualized education 
program including the right to have the dissenting opinion recorded 

Individualized education programs should not be used as Criteria for the evaluation of teachers 
Teachers as mandated by law, must be appointed to state advisory bodies on special educe Men 
Teachers must be allowed to take part in the US Office of Special Education and Rehabilitative 
Services on-site visits to states Teachers should be invited to these meetings 

Incentives for teacher participation in in-service activities should as mandated by law be made avail- 
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able for teachers , n , ~ A , An 

Local associations must be involved m monitoring school systems compliance with PL 
Student placement must be based on individual needs rather thar: space availability {78 80) 
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